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Research 


Horizons 


Irradiated Polyethylene 
Makes its Bow— 


First possibilities of commercial production of ir- 
radiated polymers are seen in the announcement by 
General Electric’s Chemical Division offering experi- 
mental quantities of irradiated polyethylene film in 
narrow film form. The new material is designated 
“Trrathene.” 

Some of the research in this field, both at G-E and 
elsewhere, has already been reported in previous 
issues of this department. (EM 5-53/8 and EM 
6-53/6). Essentially, it was noted that certain poly- 
mers, polyethylene among them, when subjected to 
high-energy irradiation underwent a_ significant 
change in certain properties. In effect, the polymer 
was crossed-linked or vulcanized and attained en- 
hanced resistance to heat and chemical action, as well 
as to cracking under stress. The G-E material is de- 
scribed as being stable at temperatures of the order 
of 300 to 350 F, appreciably superior to that of con- 
ventional polyethylene. 

Use of the new film for electrical insulation is 
seen, thus making it possible to exploit the excellent 
dielectric properties of polyethylene without having 
to compromise with its normal moderate heat resis- 
tance. ( Major uses for the film are indicated also in in- 
dustries other than electrical. ) 

Pilot-plant production of the G-E film is slated for 
this year, with large-volume output in the near future. 
G-E research in this field is also directed on fabricated 
forms of the irradiated polymer. Present emphasis 
however is on the film. 


High-Temperature 
Transistors 


Utilizing germanium-silicon alloys, Sylvania Elec- 
tric Products has developed laboratory-scale trans- 
istors that are said to operate at temperatures up to 
approximately 350 F. Germanium transistors normally 
are unable to operate effectively over 212 F. Several 
different alloys of germanium and silicon are being 
used in Sylvania laboratories. 

Working with silicon alone, the Raytheon Manu- 
facturing Company has announced successful devel- 
ment of experimental silicon junction transistors that 
have been tested at temperatures from 77 F to 350 
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Magnetron development laboratories, Raytheon Manu- 
facturing Company, Waltham, Mass. Performance test 
results are being recorded. 


F. The work has been initiated some two years ago as 
a result of Department of Defense research contact. 
The company emphasizes the experimental nature of 
this development . . . many processing and metallur- 
gical problems still have to be licked before quantity 
production becomes feasible. 


Magnet Wire 
Activity 

New level of intensity is noted in magnet wire re- 
search. Several areas of investigations are being em- 
phasized: 

1. Behavior of magnet wire under realistic operat- 
ing temperatures. 

2. Tests on composite structures of magnet wire 
and impregnating varnish. 

3. Study of flexibility characteristics as an indica- 
tion of ultimate performance. 

4. Segregating the effect of curing of insulation from 
the effects of aging. 

The recent AIEE Winter General Meeting reflected 
this research activity. Some six papers dealing spe- 
cifically with magnet wire insulation were presented 
under sponsarship of the Subcommittee on Dielectrics, 
Committee on Basic Sciences. In addition to the work 
by the AIEE committees, an ASTM group plans to 
developed standard test methods. 


Wire Rope 
Thermocouple 


Novel temperature indicator that can extend to 
some 190 ft of flexible length has diverse possibilities 
as a remote control device. In its present form it is 
being used to prevent deterioration in stored grains. 
Made by Jones and Laughlin Steel Corp., Wire Rope 
Division, Muncy, Pa., under license from the PTC 
Cable Company, St. Paul, Minn., the indicator con- 
sists basically of constantan thermocouples placed 
every 5 ft inside a flexible steel wire rope. The ropes 
are hung inside grain bins and connected to associated 
recording instruments at a central location. Simplified 
dust-proof rotary switches at the reading point con- 
nect to thermocouples to permit readings at each 
point. 

In large installations, a remote-control relay system 
may be used. The rotary switches are made by the 
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when you 
need it 


@ Noon or midnight the loading area of this 
Ryerson plant looks much the same because we 
work ’round the clock to make sure that you 
get Ryerson Steel when you need it. Carbon 
steel, alloy steel, stainless—every kind is on 
hand, in practically every shape and size. Your 
requirements can be set down where you want 
them, quickly, cut to size and ready for imme- 
diate use. Just call the nearest Ryerson plant. 
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JBT Instrument Company, New Haven, Conn. Fox- 


boro electronic Dynalog instruments have been 
adapted for this system. 
Our “Electrical” 
Founding Fathers 
Who were Gilbert, Ohm, Henry, Gauss, Ampere? 


What was the flesh-and-blood reality behind these 
names—and others—that are now perhaps no longer 
names for us but only designations for electrical 
values? A 48-page monograph, “Ten Founding Fathers 
of the Electrical Science,” (Burndy Library Publica- 
tion Number 11), by Bern Dibner, contains excellent 
biographical “profiles” of these giants of science. The 
monograph is outstanding in typography and design, 
with an apt use of old engravings. Price $1.00. 

The Burndy Library, Norwalk, Conn., by the way 
was founded in 1936 and was chartered by the Re- 
gents of the State of New York in 1941 to help 
provide sources of reference in the history of science 
and technology. Some 10,000 books and pamphlets 
have by now been gathered. The science of electricity 
and magnetism is represented by over 8000 items, 
from which material was drawn for the monograph 
under review. 


Microwave Impedance 
Measuring Instrument 


Research and development in 400-1600 mc range are 
expected to be materially helped by means of a new 
instrument developed by the Research Division, New 
York University College of Engineering, under Bur- 
eau of Ships sponsorship. The instrument has been de- 
signed to record its measurements on a wide-band 
sweep or on a point-to-point basis by means of a stand- 
ard Smith chart overlay on a flat-face oscilloscope. 
This is said to provide fast and accurate impedance 
measurements not possible with the slotted-line tech- 
nique now used. Sensitivity of the instrument is such 
that it may be used to directly measure impedance in 
such elements as bolometers and crystal mounts. 

The NYU instrument contains as its principal fea- 
tures a dual-frequency signal source with extreme fre- 
quency stability and with suitable power outputs and 
sweep techniques, plus an L-band highly directive di- 
rectional coupler. 

Rapid measurements can be taken of variable stand- 
ing wave ratio and impedance. Accuracy of the re- 
flection coefficient is given as better than 5 per 
cent. 


Experimental Transistor 
Telephone System 


First complete telephone system utilizing transis- 
tors in its equipment will be set up near Americus, 
Ga., about 135 miles south of Atlanta. Some 300 trans- 
istors will be incorporated in the equipment. By util- 
izing the advantages of lower power requirements and 
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reduced space needs, overall size of the equipment is 
expected to be slashed by about 90 per cent, as com- 
pared to standard equipment utilizing vacuum tubes. 

The experimental system itself will extend over one 
line 11% miles long and a second line 15 miles long, 
both originating from the central telephone exchange 
in Americus. The carrier equipment will require only 
144 amp at 20 volts for each terminal, as against power 
requirements 20 or 30 times greater than needed with 
comparable vacuum-tube equipment. 
sources will therefore be used. 

Equipment in this experimental system consists en- 
tirely of laboratory models. In the development ot 
this system, Bell Telephone Laboratories’ engineers 
worked with personnel from Western Electric and 
from five operating telephone companies. 


Battery power 


Pure Iron 
Crystals 


Perfect crystals of pure iron developed at the Gen- 
eral Electric Research Laboratory provide a “new and 
exciting dimension in metallurgy,“according to Dr. ( 
G. Suits, G-E vice president and director of research. 

These crystals are actually “metallic whiskers” about 
1 mil thick and approximately 1 in. long. They are de- 
scribed as being about 100-fold stronger than any 
other known metallic crystal and are inherently re- 
sistant to rust. No practical applications are indicated 
as yet, but research points to the development of met- 
als of extraordinary high physical strength. Experi- 
mental pure iron crystals attain a tensile strength of 
close to 1,000,000 psi. 


Capsule Notes on 
Research Reports 


“Light on the Future,” a 30-page booklet published 
by the International Business Machines Corp., while 
not a research report, provides a handy and lucid ex- 
planation of the construction and applications of ana- 
log and digital computers. Charts and other illustra 
tions are included. Available without charge from the 
IBM Department of Information, 590 Madison Ave.. 
New York 22. 


A 125-page “Final Engineering Report on Subminia- 
ture Blower for Spot Cooling of Electronic Com- 
ponents,” prepared by the Fairchild Camera and In- 
strument Corp. for the Air Force, includes design 
details for a motor able to operate at high and low 
altitudes under a wide range of temperatures and 
humidities, and under severe conditions of vibration. 
Three types of blower construction are illustrated: 
conventional hysteresis motor; inverted hysteresis with 
rotor around stationary winding; and a modified de- 
sign to obtain large motor diameter. Available from 
Library of Congress, Publication Board Project, Wash- 
ington 25, D.C.-Code No. PB 112064. Photostat copies 
$16.25 each. 


—A.E.J. 
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EDITORIAL 


Automatic Troubleshooting 


RELIABILITY is a common factor in the ac- 
ceptance of almost any product other than 
a toy. This is particularly true of automatic 
production machinery where breakdowns 
due to any cause can be very costly. In the 
metal-working field, for example, mass pro- 
duction means line production at a sus- 
tained pace, often set by the machine. 
Even before the days of automatic part- 
transfer type machine tools, failure of one 
unit in a line meant idling labor on the 
whole line. 

In the long run the success or failure of 
any production equipment will depend 
upon the percentage of time it can be kept 
running. If a part failure occurs every half 
hour, for example, and it takes a half hour 
to find the defect and repair it, the ma- 
chine operates only half the time. This was 
the actual experience on early computers 
with thousands of tubes. The solution to 
this primary problem lies in more than 
machine maintenance. It is largely related 
to design factors. 

As the machines and systems become 
more complex, the chances of failure can 
be predicted statistically. Preventive main- 
tenance can anticipate part failures through 
scheduled replacement of wearable ele- 
ments, but it cannot replace sound design 
on the part of the original equipment man- 
ufacturer. First broad step is to simplify 
the design, break it down into more man- 
ageable units from a maintenance point of 
view. Design itself includes selection of 
mechanical and electrical components for 
reliability. 

Electrical standards for industrial ma- 
chinery have been set up largely with re- 
liability and ease of maintenance as well 
as operator safety in mind. As spelled out 
in this issue, the JIC Electrical Standards 
differ principally from the Machine Tool 
Electrical Standards in recognition of the 
tougher operating and economic require- 
ments of the automotive manufacturer, but 
both are intended to assure reliable opera- 


tion and to minimize electrical breakdowns. 

Troubleshooting equipment failures is 
one of the biggest problems in mass pro- 
duction. Electrical control systems are de- 
signed to fail-safe, in other words, stop the 
machine rather than let it run away with 
itself. Problem: What caused the stoppage? 
Usually an open contact on a host of re- 
lays or limit switches. How to find it? 

Several designed-in methods of quickly 
locating electrical troubles have been pub- 
lished in ELecrricAL MANUFACTURING in 
recent years. Use of signal lights on a push- 
button control console is a conventional 
method of locating faults. Not conven- 
tional is the method of letting the signal 
lights police themselves by being operated 
on a dim-bright basis. In this issue a novel 
scheme is described employing board- 
mounted elementary wiring diagrams that 
have each graphic symbol wired to the 
corresponding components on the control 
panel or machine. In the event of machine 
stoppage, each switch contact can be rap- 
idly probed by a grounded test lamp 
through the wired diagram and immedi- 
ately located through a coordinate number- 
ing plan. 

To keep a miles-long conveyor system 
going, it was pointed out last year how a 
miniature trouble light on a control con- 
sole was wired around each limit switch 
contact and checked by a rotary tap switch, 
thereby not only spotting component fail- 
ures but also circumventing horseplay. 

In centralized process controls, the 
graphic control panel, described in April, 
is designed to call the operator's attention 
to off-normal conditions by signal lights on 
a glorified flow diagram. However, the 
system usually does not locate its own elec- 
trical failures. 

The design engineer's responsibility is 
indeed great in minimizing breakdowns 
and spotting troubles in industrial machin- 
ery. That responsibility becomes greater as 
equipment becomes more complex. 
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arbon Brushes 


For Electrical Machines 


This survey of current practices in brush application attempts to 


relate design factors and operating conditions on rotating electrical machinery 


to the wide range of brush properties obtainable with present materials. 


CONDUCTOR BRUSHES for use on rotating electrical ma- 
chinery should have the following operating charac- 
teristics: Low friction, ride smoothly instead of bounc- 
ing, not be weak enough mechanically to result in 
excessive breakage, leave a light film on the com- 
mutator or slip ring, limit sparking, operate quietly, 
have a voltage drop as low as possible with satisfac- 
tory performance, have long life and not wear the 
commutator or slip ring excessively. This is a large 
order. 

In selecting the proper brush for a particular ma- 
chine, the motor designer leans heavily upon his ex- 
perience on similar applications, also on tests, coupled 
with a general knowledge of brush characteristics, 
plus recommendations from the brush maker. In fact 
some designers of electrical machines do not attempt 
to solve brush problems but leave them to the makers; 
the recommendation that gets best results gets the 
business. Many brush manufacturers think the de- 
signer should not attempt to select a brush; likewise 
they would not attempt to get into the details of motor 
or generator design. They are concerned with the 
proper operation of ‘brushes under the design condi- 
tions presented to them. 

Because of all the variables to be weighed, brush 
makers often recommend several brush grades for a 
given application. Together with these recommenda- 
tions, the motor designer’s experience and judgment 
should permit selection of a limited number of mate- 
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rials for trial. The final determination is generally 
based on extensive testing. Exhaustive laboratory tests 
are often followed by field testing. 

Consideration must be given to physical properties 
such as hardness, wear resistance, strength, resistance 
to chipping, density, abrasiveness, coefficient of fric- 
tion, and interrelated electrical properties such as com- 
mutation factors, current-carrying capacity, specific 
resistance, contact drop, and so forth. Physical condi- 
tion of the commutator or slip ring and environmental 
factors must also be taken into account. A proper com- 
bination of these characteristics in a brush for a par- 
ticular application is essential to successful perform- 
ance. 

To accommodate these diverse requirements, 
brushes are made of various materials. Basically, most 
of them are a form of carbon, graphite, or a combina- 
tion thereof. Sometimes a metal is added. Where 
there is a requirement for a low-voltage high-current 
brush, for example, it is common to add copper to 
the mixture. Silver, zinc, cadmium, tin and lead have 
also been added to some brushes. 

The first carbon brushes were cut from are lamp 
carbons and battery carbon plates. As the new indus- 
try grew, the carbon manufacturers began developing 
specific materials for rotating electrical machines. In its 
“Standards for Brushes for Electrical Machines,” (1 )° 
NEMA’s Carbon Section has defined five basic types, 


*TItalic numerals in parentheses apply to cited references at end of article 
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summarized Table I. Three of these types (sub- 
divided into six grades) are used in the Military 
mperineatione MIL-B-3743, summarized in Table 
II. (2) The mechanical and electrical properties given 
are based on extensive tests made over a period of 
vears by the Bureau of Ships at the Material Labora- 
tory of the New York Naval Ship Yard. 

The present NEMA Standard, which is also an ASA 
Standard, covers definitions, dimensions and_toler- 
ances, and test procedures for measuring different 
properties, but does not attempt to relate these prop- 
erties to specific grades. The AIEE-NEMA Proposed 
Test Code (3) carries the NEMA Standards further 
by including performance tests for evaluating coefh- 
cient of friction, contact voltage drop, wear and com- 
mutation ability. 


Carbon and Carbon-Graphite Grades consist of 
amorphous carbon in the form of pulverized petroleum 
coke, lamp black or carbon black, combined with 
either natural or artificial graphite mixed with a car- 
bonaceous bonding medium such as pitch, molded 
into plate form under hydraulic pressure and then 
fired at about 2000 F to drive off the volatile sub- 
stances. Brushes are sawed from the plate to the ap- 
proximate size, then are ground within tolerance. 
Where the percentage of the lubricating graphite is 
very low, the brushes are known as carbon brushes. 
Where there is an appreciable percentage of graphite 
with the carbon, the material is known as carbon- 
graphite. Carbon grades are characterized by hard- 
ness, strength and density, but have the disadvantage 
of relatively high friction and hence are poor for mod- 
ern high speed commutators. Today they are largely 










Type Constituents 


| 
Carbon Principally amorphous Very hard | Moderate Low 
Carbon-graphite Carbon with graphite added Medium to very hard Moderate Moderate 
Electrographitic Graphitized amorphous carbon Soft to very hard | High Low to high 
Graphite Principally graphite Soft | Very high Low to high 
Metal-graphite Varying percentages of metal and graphite Soft | Very high Low to high 


Source: 


NEMA CB1-1.02; Types of Brushes. 
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Table I—Brush Types Defined by NEMA 


used for replacement on older machines. The perform- 
ance of the carbon-graphite brushes is somewhat simi- 
lar but their riding ability is better. 

These materials have quite a bit of polishing or 
abrasive action and therefore operate quite success" 
fully on flush commutators. The coefficient of friction 
is rated medium or high. Older types of mill, mine, 
crane and hoist d-c motors and certain fractional- 
horsepower motors that operate on a severe load cycle 
are among the applications of this grade. 


Electrographitic Brushes are made by subjecting 
petroleum coke, lampblack, and the coke formed by 
the carbonization of pitch to a sufficiently high tem- 
perature to change the amorphous form of carbon to 
a crystalline structure. The high temperature (4000- 
4500 F) volatilizes impurities and leaves a homoge- 
neous structure of uniform texture. Since the basic 
materials have such an important effect on the finished 
product, electrographitic brushes can be made with 
a wide range of characteristics. In general, these 
brushes are low in friction, non-abrasive, have rela- 
tively high contact drop and carry high currents. 

Since they are non-abrasive as a class, they are 
generally used with undercut-mica commutators. Nor- 
mally they are adaptable to surface speeds of 5000 
to 6000 ft per min, but many of them are capable of 
operation at much higher speeds. Current density of 
this grade on power applications is usually up to 80 
amp per sq in. but in aircraft has gone as high as 


200 amp per sq in. 

Electrographitic brushes are made in so many dif- 
ferent grades that this grade has the most universal 
application. Some of these are used for heavy duty 


Hardness Current capy | Speed range 



































A—Carbon constituents are mixed together with a suitable binder in a batch-type mixer. B 





Granular mix is weighed and poured in a 


die to be compacted into plate form under hydraulic pressure. C—“Green” plates are fired in a conveyor type furnace to drive off vol- 


power service; transportation equipment; heavy duty 
mill, mine and electric shovel motors; welding gen- 
erators; series-universal motors, and polyphase com- 
mutating type a-c motors, to mention but a few. 

During the past several years, rapid expansion of 
diesel-electric railroad motive power has created spe- 
cial brush operating problems. As a result of con- 
tinuous intensive research and development efforts, 
special electrographitic brushes are now being pro- 
duced to meet the exacting demands of the severe 
service in diesel-electric traction motor and generator 
operation. Hundreds of thousands of brushes combin- 
ing these several developments have operated in 
actual service for mileages far in excess of any re- 
corded previously. 


Graphite Brushes are composed of either natural 
or synthetic graphite or a combination of the two and 
a suitable binding material. In some cases a small 
percentage of copper powder is added to the composi- 
tion. Natural graphites generally employed are the 
amorphous type from Mexico, and the flake or crystal- 
line variety which comes from Ceylon. Coal tar pitch 
and thermosetting resin are used as binding materials. 


The mixture of graphite and binder usually is com- 
pacted in a die under heavy pressure and is subse- 
quently heated to set or carbonize the binder. The 
baking temperature is determined by the type of 
binder and ranges from approximately 350 F to over 
2000 F. 

During the manufacture of flake graphite grades 
the molding pressure causes the tiny “fish scale” like 
particles of graphite to align themselves in a plane 
at right angles to the applied molding pressure. This 
produces a grain-like structure in which the cross 
resistance is several times higher than the longitudinal 
resistance of the material. Brushes are applied to elec- 
trical machines in such a way that this grain effect is 
utilized to aid commutation. 

Graphite brushes are low in hardness and differ in 
current-carrying capacity and in operating speed from 
low to high. In service they are generally limited to 
current densities of less than 60 amp per sq in. and 
to speeds under 10,000 rpm. Their friction qualities 
are good and various degrees of cleaning action may 
be had. 

This classification of brush material is characterized 
by its softness and is known for its quietness in opera- 
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Table Il—Specified Properties of Military Grades of Electrical Contact Brushes 


Max. speed Amp 


Spec. resist. 


Contact Coef. of Min. Trans. Hardness 


Grade Type fpm per sq. in. ohms per in. cube drop, volts friction Str. psi Seleroscope 
5 Electrographitic 8,000 60 0. 0018-0, 0028 1.6-3.7 0.40 max 1,200 35-65 
A Electrographitic 6,000 60 0.0012-0.0021 1.6-3.7 0.40 “ 1,600 13-65 
D Graphite 12,000 60 0). 0005-00015 1.63.4 0.45 “ 800 7-24 
E Metal graphite 6,000 100 0 000004-0 000025 0. 214-1. 20 040 2,500 5-20 
G Graphite 8,000 60 0.0005-0 0020 1.2-3.0 0.45 800 1-24 
H Electrographitic 6,000 60 0 .0006-0. 0010 | .6-2.5 - 0.50 “ 2 000 35-50 


838 


Tabulated from MIL-B-3743, 24 April 1952, Amendment 1, 8 January 1953. 
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atile matter and carbonize the binder. D~ Brushes are sawed from the plate and are then ground within tolerance on thickness and 
width by being fed between opposed disk grinding wheels. Operator is shown “miking” a commutator brush for thickness. 


tion. There are a number of distinct grades of graphite 
brushes which are rather sharply defined as to their 
fields of application. For example, the porous low- 
density grades are used chiefly on high speed equip- 
ment (12,000 rpm), the copper-bearing grades where 
cleaning action is needed, and the resin-bonded grades 
where their high contact drop helps improve poor 
commutation. 


Metal-Graphite Brushes find a wide field in low- 
voltage equipment where the current density is high. 
They are made by two different processes. In one, 
graphite and powdered metal are mixed together along 
with a bonding material and then pressed and sintered. 
In the other process, the porous carbon-graphite mate- 
rial is impregnated with molten metal, such as copper. 
However, the metal content of brushes made in this 
manner is limited. 

As a class, metal-graphite brushes have low con- 
tact drop and low friction. They are normally suited 
for commutator speeds of 3500 to 4500 ft per min; 
however, some grades are used up to approximately 
6000 fpm. The percentage of metal can be varied ex- 
tensively, from about 2 per cent to over 95 per cent, 


Table Il—Continued 


Ash Density 

% max Ib cuin Application 
0.50 0. 048-0. 060 D-c motors & generators 
0.50 0. 047-0 057 D-c motors & generators 
3.50 0.042-0.050 Steel collector rings 
~ Brass, bronze or steel collec- 

tor rings; 0-12 volts d-c 

3.50 0.080 max D-c motors & generators 
0.40 0058-0. 065 Slip rings 
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but the applications for which the real low percentages 
of metal are suited are quite limited. High metal 
brushes with low contact drop are called for on 6-volt 
machines where a drop of 1 volt would be much too 
high. In fact, the biggest use is on 6-12 volt automo- 
bile starters. Grades containing about 50 per cent 
metal are used for machines within the range of 24 to 
60 volts, such as farm lighting, battery charging, 
welding and plating generators. Metal impregnated 
brushes have been used successfully on slip rings on 
the a-c side of rotary converters, wound-rotor motors 
as well as medium voltage d-c motors and generators. 


Brush Properties 

Physical properties of brush materials are of chief 
importance to the manufacturer in quality control. 
Some of these properties affect brush performance. 
NEMA Standard CBI deals at length with test pro- 
cedures for determining both mechanical and electrical 
properties of the basic materials rather than perform- 
ance of the brushes. 


Hardness is determined by a scleroscope test in 
which hardness is gaged by the average height of 
rebound of a steel weight with diamond point dropped 
on a rectangular plate of the material. 


Transverse Strength is determined by applying a 
load midway to a piece of the material when supported 
on knife edges as a beam, up to the point of breakage 
and then calculating the stress applied. Unless the 
application is unusual, the strength is not too im- 
portant a factor to the brush user. It is a measure of 
resistance to chipping at the edges in contact with 
the commutator. 


Density. Manufactured carbon is an inherently 
porous material and therefore both real and apparent 


densities are useful to the manufacturer as aids in 


89 





Code 


General 
letters desc. Company A 

VH Very high 1.90 and over 
H High 1.60 to 1.90 
M Medium 1.20 to 1.60 
L Low 0.90 to 1.20 
VL Very low 0 to 0.90 

Code General 
letters desc. Co. \ 

VH Very high 0.40 and over 
NM High 0.30 to 0.39 
M Medium 0.15 to 0.29 
L Low 0.10 to 0.14 
VL Very low 0 to 0.09 


control. The usual laboratory methods are employed 
for determining these properties. Porosity is calcu- 
lated trom the real and apparent densities. 


Specific Resistance is the ohmic resistance for a 
piece of the material 1 in. long and 1 sq in. in cross 
section, sometimes expressed as ohm inches. Total 
resistance equals speciiic resistance times the length 
of the brush in inches divided by the cross-section area 
in square inches. 


Contact Drop is the voltage drop that occurs be- 
tween the commutator or slip ring and the face of 
the brush due to resistance at the interface. Part of 
this current is the working current and part of it is a 
short-circuiting current flowing between adjacent bars 
of the commutator through the brush. 

It is difficult to accurately measure the contact drop 
except under ideal laboratory conditions. Values shown 
for contact drop in the listings of any manufacturer 
are comparative values arrived at under controlled 
laboratory conditions. Duplications in the field are 
practically impossible. Table LI lists ranges employed 
by several brush makers. 


Current-Carrying Capacity is the load current den- 
sity in amperes per square inch of brush body cross- 
section that a brush can carry without serious heat- 
ing. This heating is due both to short-circuit current 
and load current, as well as mechanical friction. On 
machines with good commutating characteristics, the 
rated carrying capacity can safely be exceeded. On 
slip ring service where short-circuit currents are ab- 
sent, the commutator capacity can be greatly ex- 
ceeded. Most brush makers list current capacity for 
each brush grade. MIL-B-3743 lists minimum current 
carrying capacity for each grade (Table II). 


Coefficient of Friction is the ratio between the 
friction force opposing the movement of the com- 
mutator or slip ring and the pressure on the brush. 
Losses due to friction represent the principal com- 
ponent in the total losses at the brush. The range 
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Table I1l—Range of Total Contact Drop of Carbon Brushes 


‘Total drop (positive plus negative), volts 
Company B 





Above 0.30 
0.225 to 0.30 
Below 0.225 0.15 to 0,20 


Company C & D 


Over 2.5 1.75 and over 


L-8toe2.5 1.50 to 1.75 
1.0to1.8 Below 1.50 
Below 1.0 


Table IV—Range of Coefficients of Friction of Carbon-Type Contact Brushes 


Coefficient of friction 
Co. B a4 Co, D 


Above 0.26 
0.20 to 0.26 


Above 0.35 
0.25 to 0.35 
Below 0.25 
Below 0.15 


designations used by four brush manufacturers are 
tabulated in Table IV. 


There are a number of factors that affect brush 


friction and the coefficient of friction, some of which 
are summarized as follows: 


1. The coefficient of friction varies with the current 
density and diminishes with increase in current den- 
sity. Passage of current apparently causes a structural 
alteration in the molecular aspect of the contact sur- 
faces and provides a lubricating layer of ionized media. 
With no current passing, the coefficient is variable 
particularly at very low speeds. And due to the un- 
desirable property of glazing encountered in a great 
many brushes at high speed it is difficult to define 
the coefficient of friction. Under no-load conditions, 
the value may run as high as 0.6 and in some cases 
the brush maker has been asked to guarantee that the 
coefficient of friction shall not exceed a_ specified 
amount under this condition. Military Specification 
\IIL-B-3743 states that the no-load coefficient of fric- 
tion at any speed shall not exceed the maximum 
permissible full-load value, which for various mate- 
rials ranges from 0.4 to 0.5. 


2. If no current is passing, the coefficient of friction 
increases with pressure and the friction loss usually 
rises more than in direct proportion. When a brush 
is carrying current, increases in pressure may bring 
about a slight reduction in the coefficient within small 
limits with the result that the friction loss rises at a 
rate less than in direct proportion to the pressure. 


3. Under normal conditions, the coefficient of fric- 
tion diminishes with increases in speed. The reduction 
is usually less than inversely proportionate, and the 
friction loss will, therefore, increase with speed. 

f. Quality of brush has a considerable amount to do 
with the coefficient of friction. In certain grades the 
coefficient of friction can be arbitrarily set by the 
manufacturer. 

5. Material and its condition also have a great deal 
to do with friction losses. They will be rather higher 
on a commutator than those obtained under similar 
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Type of First Second 
machine Application choice choice 
Motor conver- Commutators a | 
tors Slip-rings 8(b) 8(c) 
Commutators t 1 
Rotary conver Pilot brushes (tap- 
tors starting) 5 6 
Slip-rings 8(c) 8(d) 
Generators 
Alternators, Exciters, over 100 v 7 | 
low speed 60-100 v 7 3 
20-60 v 1 8(a) 
Slip-rings, gunmetal 7 1 
- steel | 3 
Alternators, Exciters, over 100 y f | 
high speed under 100 y 7 3 
Slip-rings, gunmetal 7 1 
" steel 1 3 
D-C. generators Over 500 y 6 7 
250-500 v t 6 
Peripheral 100-250 v 7 6 
speeds up to 60-100 v 7 4 
! 1000 ft per 20-60 v 1 8(a) 
| min 10-20 v 8(b) 8(c) 
6-10 v &(c) &(d) 
Upto 6 y 9(b) 8(d) 
Peripheral Over 500 y 7 6 
speeds over 250-200 \ 7 1 
1000 ft per 100-250 7 1 
min 60-100 y 7 1 
Under 60 \ | 8(a) 
Automotive 
Distributors | 2 
Generators, control 
brushes 5 6 
Generators, main 
brushes Z | 
Magnetos l 2 
Starters, 24 9(a) &(c) 
= 12 v 8(c) 9(b) 
* 6 Vv 9(b) 9c) 
W indshield-wiper 
motors &(c) 9(b) 
A-C motors 
A-C commuta- Small machines 7 6 
tor motors Medium machines 6 5 
Large machines 5 7 
Repulsion-start Domestic appliances, ) I 
induction ete. 
motors 
Slip-ring Short-circuited rings 8(a) &(b) 
motors ‘Totally-enclosed 9(a) 8(c) 
Ventilated 8(b) 8(c) 
| Vertical-shaft type 8(a) 9(a) 
j Synchronous Exciters, over 100 v 7 1 
motors “x 60-100 v 7 3 
= 20-60 v 1 &(a) 
Slip-rings 7 1 


Table V—Recommended Brush Types for Typical Applications 


Brush type 


Brush type 
Type of First Second 
machine A pplication choice choice 


l’requency 


changers 7 6 
Phase compen- 
sators - 6 
D-C motors 
Fractional hp Flush mica | 6 
Recessed mica 5 2 
Super-silent 3 5 
Small size Industrial, flush 
mica l 6 
Industrial, recessed 
mica 2 6 
Super-silent 3 9 
Vertical-shaft type 5 
Medium size Cranes a 6 
Industrial 2 
Marine 6 | 
Silent 3 | 
Steel mills 7 6 
Vertical-shaft type 7 5 
Large size Industrial, uni-direc- 
tional 7 4 
Industrial, reversing a | 
Rolling mills 7 6 
Vertical-shaft type 7 1 
Traction 
motors 
Battery vehicles, 
over 100 v ¢ 6 
Battery vehicles, 
50-100 v 7 1 
Battery vehicles, 
up to 50 v 1 8&(a) 
Diesel-electric, 
generators 7 6 
Diesel-electric, 
motors 7 6 
Locomotives, main- 
line 7 6 
Railway Motor- 
coaches 6 Z 
Single-phase com- 
mutator motors 6 | 
Street cars 1 6 
Train-lighting 
dynamos 6 T 
‘Trolley-buses, 
normal 5 7 
Universal Flush mica | 2 
motors Recessed mica 5 6 


Brush type code: 1, hard carbon; 2, carbon-graphite;{3, un- 
baked natural graphite; 4, low-resistance graphite (baked); 
5, high-resistance graphite; 6, low-speed electrographitic; 
7, high-speed electrographitic; 8, copper-graphite, (a) 50% 
cu, (b) 65% cu, (c) 75% cu, (d) 85% cu; 9, bronze-graphite, 
(a) 75%, (b) 85%, (c) 95%. 





conditions on a slip ring of the same metal. Since the 
lubricating layer is only a few molecules thick, the 
character of the underlying surface continues to exert 
its influence. Friction is slightly higher when steel or 
nickel alloys are used than with copper or copper 
alloys. 
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6. Coefficient of friction is also affected somewhat 
by temperature. Generally speaking, friction effects 
vary slightly with minor changes in temperature but 
with greatly increased or decreased values of tem- 
perature, friction values increase tremendously, even 
attaining values twice the minimum value at very 
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elevated temperatures or extremely low temperatures. 

Included in the AIEE-NEMA Test Code (3) is a 
“commutation ability test” which specifically is a meas- 
ure of the ability of the brush to reverse the current 
in an inductive coil without sparking and without 
visible marking of the brush faces or dummy com- 
mutator bars. The peak value of the alternating volt- 
age just before reaching a sparking condition is the 
absolute measure of commutation ability. 


Selection Factors 


From an over-all construction point of view, the 
motor designer will consider ultimate temperature of 
the machine as the most important factor in brush 
operation. The temperature rise is affected both by 
voltage drop and friction. Basically, the safe operating 
temperature controls the size of the machine. Hence. 
the lowest contact drop brush that will commutate 
properly is advantageous where maximum perform- 
ance in minimum size is desired. Machine design is 
an important factor in sparkless commutation. Com- 
pensated designs with interpoles, for example, permit 
use of much lower contact-drop brushes with con- 
sequent improvement in machine performance. 

On high-speed universal series motors, such as are 
used on vacuum cleaners and portable power tools, 
sparkless commutation is rarely attained. Arcing that 
causes destruction to commutator or brush is bad 
regardless of the length or color of the arcing. The 
design engineer will choose the brush giving maximum 
performance and brush life consistent with commuta- 
tor condition (wear and burning ). 

Brush wear is due to both electrical and friction 
effects which are often interrelated. Severe sparking 
results in rapid disintegration of the carbon brush. 
Sparking can result from purely electrical conditions 
such as magnetic distortion or reaction between the 
fields and armature and too high a current density, or 
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the wrong grade of brush. Sparking can also result 
from brush bounce resulting from too low spring 
pressure, excessive vibration, and commutator defects. 
The latter includes high bars, loose bars, and high 
mica. These mechanical defects are often aggravated 
by high speed and high temperature. Atmospheric con- 
ditions are also a factor in brush wear. Chlorine, sili- 
cone and other contaminating vapors are detrimental 
to brush life. 


Film Formation 


One of the most important considerations in grade 
selection is that the brush will establish and maintain 
a suitable film on the commutator bars or rings under 
the current density, speed and atmospheric factors in- 
volved. The film forms a low-friction surface of negli- 
gible thickness that enables the brush to ride more 
smoothly. Film formation is a complicated electro- 
chemical process not too well understood. The factors 
involved include oxidization of the commutator, de- 
posit of carbon from the brush, adsorption of moisture 
and gases from the atmosphere as well as numerous 
other influences. The phenomena is too complicated to 
summarize in a few words. It is known that certain 
vapors can destroy film and that electric arcing can 
destroy normal film forming activity. All informed 
sources recognize that the establishment of a film on 
a commutator or ring is essential to proper perform- 
ance of brushes. The ideal condition is to have a brush 
that will form a film that remains stable over a long 
period of time in the atmosphere and under the load 
conditions involved On large machines particularly, 
satisfactory commutator conditions can only be estab- 
lished by field testing. 


Brush Pressure 


Selection of optimum brush pressure depends upo 
the character of the brush, commutator speed and 
condition, type of holder, and is influenced by the 
magnitude of the top angle and face angles of the 
brush. Unnecessarily high brush pressures cause ac- 
celerated brush and commutator wear: low pressures 
give poor contact and cause sparking and heating. The 
correct pressure is generally the minimum one that 
gives good commutation under the operating condi- 
tions encountered, 

Fig. 1 charts the relationship between wear result 
ing from friction and electrical wear. The design point 
is a pressure above the point of minimum combined 
wear so that as the pressure lessens with shortening 
of the brush, wear tends to decrease. 

In general, the smaller the brush, the higher the 
unit brush pressure. On large size equipment the brush 
manufacturers recommend unit pressure ranging from 
2 to 5 psi, depending upon the grade. Manufacturers 
of portable power tools indicate a range of 4 to 8 psi, 
with 5 to 7 psi average for most applications. In the 
presence of shock and vibration, pressures on auto- 
motive motors and generators are even higher, with 
pressures up to 10 psi. Traction types range from 5 
to 10 psi. Aircraft equipment brush pressures range 
from 4 to 6 psi initially. The values are usually ob- 
tained by scale spring measurement. 


(To be concluded in following issue) 
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Relay Standards 
and Reliability 


Engineers attending Symposium on Electro-Magnetic Relays 


at Oklahoma A. & M. College agree to begin the writing of standards. 


Relay users and suppliers discuss increasing demands for relays 


that are reliable under more severe environments. 


AN IMPORTANT STEP toward obtaining industry stand- 
ards for relays was taken at the Second Symposium on 
Electro-Magnetic Relays, sponsored by Oklahoma 
A. and M. College. At a panel discussion, it was de- 
cided that a committee, to be appointed by the panel 
chairman, V. R. Hudek, Collins Radio Co., would 
write a group of proposed standards. These first pro- 
posals would provide something concrete which can 
be acted on in accordance with American Standards 
Association procedures, used so successfully by other 
industries. 

Attendance at the meeting, held at Stillwater, Okla.., 
Feb. 24-26, consisted of more than 130 engineers 
representing relay manufacturers and users. Uriah L. 
Allen, Jr., Bureau of Ships, reflected the feelings of 
the majority of the user group when he repeatedly 
stressed that the need for standardization is impera- 
tive. The meeting was planned by Prof. Charles F. 
Cameron of the School of Electrical Engineering. Ses- 
sion chairmen included G. F. Weinreich, C. P. Clare 
Co.; V. E. James, Automatic Electric Sales Corp.; 
I. S. Mayer, Wright Air Development Center; Lt. Col. 
A. M. Dickey, Electronics Production Resources 
Agency; and P. C. Talmadge, R-B-M Div., Essex Wire 
Corp. Admiral G. F. Hussey, managing director, ASA, 
and Ralph T. Brengle, vice president, Potter and 
Brumfield, were dinner speakers. 


User-Supplier Cooperation. Both user and manu- 
facturer have responsibilities in the proper selection, 


specification and design of relays. This was pointed 
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out by Paul H. Berrien, Philco Corp., who outlined 
the part each should play if satisfactory performance 
is to be assured. Mr. Berrien said that the user should 
spell out coil data in detail with respect to perform- 
ance. Such information should include pull-in and 
drop-out values of current or voltage at some specified 
temperature. The user should state coil resistance at 
a particular temperature and whether the coil is con- 
tinuously or intermittently energized. Contact data 
to be supplied cover only those items which concern 
performance, and contact material is not one of them. 
The buyer should specify the current, voltage and 
kind of load, whether inductive or resistive, the con- 
tacts will be called upon to handle. 

Life requirements must be realistic—not based on 
excessive factors of safety. The specifications should 
state the required number of operations at the rated 
contact load and the number of operations per min- 
ute. When setting up temperature specifications, the 
actual ambient ranges surrounding the relay must be 
found. It is not sufficient to use the equipment am- 
bient temperatures. Too often the relay itself is located 
at some point where temperature will reach a value 
far beyond the equipment ambient. 

The dielectric strength requirement is usually given 
in specifications as a test figure, for example, “1,000 
volts rms for 1 min.” This figure is not a working figure 
nor can voltages approaching this value be safely 
used in the operation of the relay. If the contacts or 
the coil are required to work at unusually high values 
above ground, it should be clearly stated. 
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Next, Mr. Berrien dealt with the relay manufacturer. 
It is his responsibility to have available facilities for 
making all the necessary relay tests and to make these 
tests on engineering sample relays. The user should 
not be saddled with the job of testing samples sub- 
mitted by the manufacturer. Often a supplier designs 
a relay to meet a set of specifications but this design 
achieves only borderline performance. This relay may 
get by the equipment manufacturer’s testing labora- 
tory, but production quantities will turn out to be 
substandard. The relay manufacturer should so state 
when a relay is marginal in performance. Perhaps 
circuit changes can be made which will provide a 
greater degree of safety in operation. A rigid system 
of raw-material control and a thorough knowledge of 
the limitations of the materials going to make up the 
relay will go a long way toward reducing malfunction- 
ing in the field. Lastly, the relay manufacturer should 
not sacrifice quality for low price. 


Although he 
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Plea for Complete Specifications. 


may list a military specification, such as MIL-R-5757B, 


on his inquiry, the user still may not be giving the 
relay supplier sufficient information, said R. D. Bean 
of Signal Engineering and Manufacturing Co. Often 
it remains for the user to add technical data, such as 
coil resistance, voltage, temperature range and type 
of shock test required. The inquiry should state 
whether the relay must have qualification approval, 
and if so, under what applicable military standard. 
If qualification approval is not required, but proto- 
type samples must be submitted for test and approval 
prior to actual production, the inquiry should so 
state. The military standard (a print showing physical 
dimensions and detail requirements ) will supply those 
details not completely defined in the general specifi- 
cation and would be the governing factor if any con- 
flict should exist between it and the general speci- 
fication. When no military standard exists for the 
particular relay desired, the user must spell out the 
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Vacuum 
tube Oscilloscope 


FIG. 1—Schematic rep- 
resentation of equip- 
ment used in perform- 
ing relay vibration tests. 
The vibrations are ex- 
cited by means of elec- 
tronic circuits. 


Relay Circuit 
energizing continuity 
supply indicator 


detailed requirements, filling in the gaps where MIL- 
R-5757B does not specify certain essential details. 

In industrial and commercial applications, speciti- 
cations accompanying relay inquiries for applications 
may be as diverse as the persons who originate them. 
Many inquiries necessitate additional correspondence 
before the essential factors are clarified. Many are 
handled on the basis of certain assumptions, or from 
past experience on applications which fall into a 
similar classification. Some cannot be resolved satis- 
factorily without a conference between the customer 
and an engineering representative of the relay manu- 
facturer, where the relative importance of one or 
more design factors must be determined and_ the 
degree of compromise ascertained. In direct contrast 
to this is the tendency of some users to “over-specity,” 
a costly practice. Over-specifying does not mean in- 
cluding too much information concerning an applica- 
tion, but an attempt by the customer to write the 
manufacturing specification. He should clearly state 
his actual performance requirements and impose no 
unnecessary limitations on design details. Over-speci- 
fying may manifest itself in the form of over-stating 
his requirements in the form of adding factors of 
safety. 

Uniformity in expressing operating requirements is 
desirable and could be promoted through the adop- 
tion of standard definitions by the relay manufactur- 
ers. This, in turn, might lead to the adoption of a 
standard relay data sheet among manufacturers of 
relays. Included on these data sheets should be the 
factors of timing, drop-out voltage, life-test require- 
ments, contact ratings, temperature range and shock 
and vibration tests. But all of these factors require 
standardized definitions if they are to be of universal 
value. 


Relay Testing, The need for standardized test 
procedures for relays was emphasized by H. H. 
Hagens, Squier Signal Laboratory, Signal Corps En- 
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gineering Laboratories. Mr. Hagens proposed that the 
tests and test techniques derived by the Signal Corps 
for realistic duplication of field conditions be used 
the basis of standardization. The environmental 
conditions are divided into five major categories: 
temperature, altitude, moisture, endurance and phys- 
ical disturbances (such as vibration and shock). In 
addition to the climatic categories, the relays should 
be subjected to the tests simulating other conditions 
encountered in actual use, such as endurance, vibra- 
tion and shock. To analyze the effects of these major 
environmental categories on relays, a basic reference 
has to be established. Initial measurements taken of 
the mechanical and electrical characteristics, prior to 
subjecting the relays to environmental tests, are used 
as the reference standard. Any changes in these 
mechanical and electrical characteristics due to en- 
vironmental effects provide evaluation data which can 
be used in determining a relay’s performance. 

There are eight initial measurements. The first 
checks mechanical requirements, including general 
condition, dimensions and workmanship. The second 
check is on dielectric strength by subjecting the relay 
to at least 1000 a-c volts gradually applied across 
the insulation materials for a period of 1 min. The 
third measurement yields insulation resistance values 
across the insulation materials. A suitable instrument 
capable of measuring values from 1 to 100,000 meg- 
ohms must be employed. The next measurement pro- 
vides contact resistance values at rated current. This 
resistance is determined from the rated current value 
and the voltage drop across the contacts. It is im- 
portant to measure the voltage drop across the relay 
terminals so that any voltage drop in the connecting 
leads is reflected in the measurements. 

The fifth measurement is for operating voltage, cur- 
rent or time, as well as release voltage, current or 
time. The test techniques consist in slowly increasing 
voltage and current until the relay functions and, 
then, slowly decreasing voltage and current until the 
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FIG. 2—Chart showing 
safe operating tempera- 
tures for a number of in- 
sulation materials. Ceram- 
ices have highest tempera- 
ture ratings and do not 
absorb moisture. 


relay returns to normal. Operating time is measured 
from the instant full operating voltage or current is 
applied until the relay functions. It is essential that 
batteries be employed for d-c relay measurements. 
Next, the d-c resistance values are taken across the 
relay coil. The seventh initial measurement checks 
contact bounce of the relay, defined as momentary 
opening of contacts due to the impact of closure. The 
techniques in this test consist of measuring time dura- 
tion of the first momentary opening and the total 
time duration of all the momentary openings. The 
last observation checks the seal of sealed relays when 
the relay is submerged in a glass jar of water placed 
in a glass chamber from which the air can be evacu- 
ated to a pressure simulating an altitude of 50,000 
ft. Thus, if there should be defective sealing, air 
bubbles will readily be observed emitting from the 
relay under test. 


Vibration and Shock. Present day requirements of 
aircraft and guided missiles seem to show that vibra- 
tion-resistance is becoming a prime objective in relay 
design. F. A. Paul, Northrop Aircraft, Inc., indicated 
that the vibration portion of the specification MIL- 
R-5757B leaves much to be desired. The clause is 
adequate, in general, for those applications in which 
high frequencies (above 55 cps) are not present. Since 
the writing of this specification, a great many pro- 
grams have shown that frequencies above 55 cps 
do exist. Further, the vibration clause does not specify 
any condition of chatter, noise, or contact bounce. 
These conditions are considered extremely important 
by high speed aircraft and missile engineers who are 
concerned with relays operating reliably for a period 
of time under a variety of environmental conditions 
and in critical circuits. If we consider the present 
vibration spectrum from 10-55 cps adequate for many 
tvpes of aircraft, and past data indicate this is so, then 
an extension of the spectrum to 400 or 500 cps from 
55 cps at 10 g acceleration appears to satisfy an addi- 
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tional group of users. A few programs, however, ap- 
pear to need the spectrum of 10-2000 cycles at 15 g 
acceleration. 

Pursuing the same theme, R. H. Jacobson and 
F. Mintz described the tests, and the results thereof, 
being conducted by Armour Research Foundation. 
The program consists of the testing of a variety of 
components under known laboratory conditions to 
determine their design level with respect to vibration, 
shock, and acoustic excitation. Six types of relays were 
included in the investigation. They were all hermet- 
ically sealed, miniaturized models, designed to meet 
the existing military specifications. 

The equipment used in performing the relay vibra- 
tion tests is shown schematically in Fig. 1. The relay 
under test was mounted on an aluminum mounting 
block, which in turn was bolted to the vibration ex- 
citer table. The mounting block was designed to allow 
the relay to be oriented along any of its three major 
axes during excitation. A self-generating accelerometer 
was used for monitoring the vibration. The acceler- 
ometer output, which previously had been calibrated 
optically, was read on a vacuum tube voltmeter; the 
vibration wave form was observed by feeding the 
accelerometer output to a cathode ray oscilloscope. 
An electronic d-c power supply was used to energize 
the relay at 26.5 volts. 

The criterion of relay failure was deemed to be 
any malfunction or improper operation that was ob- 
servable, regardless of how momentary. This included 
the making of any contacts which normally would be 
open or the opening of any contacts which normally 
would be closed for a particular relay condition. A 
circuit continuity indicator capable of detecting either 
type of malfunction in either the energized or de- 
energized relay condition, was designed and built for 
this purpose. When a malfunction occurred, a neon 
bulb flashed on and remained on until the circuit 
was reset; this allowed the occurrence to be observed 
and recorded. It was found that the operation and 
malfunctioning of the relay under severe conditions, 
such as at 20 g acceleration, affected the character- 
istics which were subsequently observed at lower vi- 
bration levels. For this reason most of the relay sam- 
ples could be tested only once. 


Analysis of Malfunctioning 


Each of the six types of relays tested malfunctioned 
in at least half of the test conditions investigated. 
However, the frequencies and accelerations at which 
malfunctions occurred differed widely for the differ- 
ent relays. Some general conclusions were applicable 
for all relay types. It was found, for example, that 
the relays withstand vibration better when energized 
than when de-energized. The great majority of the 
malfunctions were due to opening of closed contacts 
rather than closing of open contacts. This was true 
for both energized and de-energized conditions. Very 
nearly all of the malfunctions were temporary ones. 
The relay resumed normal operation when the vibra- 
tion was discontinued. 

Other observations are also of interest. The ma- 
jority of the relay types exhibited a critical vibration 
direction in which malfunctions occurred at a lower 
acceleration or a favored direction in which malfunc- 
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tions occurred only at higher levels or not at all. 
This is reasonable, since vibration normal to the plane 
of the relay leaves might be expected to have greater 
effect than vibration in other directions. Five of the 
six relay types did not malfunction at or below the 
conditions corresponding to Specifications MIL-R- 
5757B and MIL-R-6107. No mechanical failure of a 
relay or its mounting was noted during the tests. 


Relay Materials. A comprehensive review of the 
materials used in relay design was presented by E. H. 
Lockwood, Price Electric Corp. After discussing mag- 
netic, coil, contact and spring materials, Mr. Lock- 
wood went on to relay insulation, which falls into 
two broad groups—plastics and ceramics. In the plas- 
tics group are thermoplastics and thermosetting mate- 
rials. The thermoplastic group, which can be softened 
by heat, include acrylics (Lucite and Plexiglass), 
cellulosics (nitrate and acetate), polyamids (Nylon), 
polyethylene, polystyrene, polyfluorocarbons (Teflon 
and Kel-F), vinyls, and caseins. The thermosetting 
materials can not be softened by reheating. They 
include such materials as the phenolics, amino plas- 
tics (melamine and urea), polyesters, alkyds and 
cold molded materials. Both groups of plastics find 
frequent use in relays, although the phenolics are 
probably the most extensively used due to their low 
cost, high strength properties. When molded, the 





FIG. 3—Cutaway view shows the construc- 
tion of a moving magnet instrument-type 
relay. This is a sensitive mechanism operat- 
ing on an input of 70 microwatts or less. 


Fig. 4—Basic application circuits for thermal re- 
lays. One common use is in high-voltage electronic 
circuits where application of plate voltage must be 
delayed until filaments are hot. (See right) 
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phenolics employ a filler which may be almost any- 
thing from wood flour for general purpose use to 
mineral materials for best electrical characteristics. 

One of the most commonly used insulations for 
mechanical support of terminals and contact springs 
is paper-base laminated phenolic. This material con- 
sists of a high grade paper impregnated with a phe- 
nolformaldehyde resin and cured by heat and _ pres- 
sure. A wide variety of properties are obtainable for 
mechanical or electrical uses although, in general, good 
electrical properties are obtained at the expense of 
mechanical strength and ability to fabricate by punch 
press dies. Minimum requirements have been estab- 
lished for three general grades by NEMA as X, XX 
and XXX with a punching grade in each class desig- 
nated by a subscript P. Corresponding government 
grades to XX and XXX are listed in MIL-P-3115 as 
PBG and PBE. For some applications these minimum 
requirements are inadequate. One example is for in- 
sulators in telephone type relay stacks. Here a harder, 
stronger, more stable material is required. Satisfactory 
materials should have a compressive strength of 
40,000 psi, and moisture absorption below 0.5 per cent. 

Even the best materials should be given a heat treat- 
ment to drive off moisture and to stabilize the mate- 
rial. The general purpose grades of XXX or PBE are 
entirely satisfactory as mounting bases and terminal 
supports for applications where heavy cross sections 
can be used. If soldered connections have to be made 
close to the insulation, loose connections are liable to 
result unless a higher temperature material is selected. 
For such applications a glass fabric impregnated with 
silicone material is frequently successful. Such mate- 
rials are covered by MIL-P-997. Of the ceramics, the 
steatites and glass-bonded mica types are the ones most 
used for electrical insulation. Both have zero moisture 
absorption, when properly fired. Steatite is pressed 
into various shapes and then fired in a kiln. Shrinkage 
and warpage is always a problem. Glass-bonded mica 
can be molded and will produce complicated shapes 
with close tolerances. Inserts may be molded, but 
there is no actual adhesion to them. Fig. 2 gives the 
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safe operating temperatures for a number of insula- 
tion materials. 


Contact Rating. Because of the many variables in. 
volved, manufacturers encounter a difficult problem in 
rating contacts in terms of current and voltage. Dis- 
cussing this situation, George O. Wagner, Advance 
Electric and Relay Co., said that several important 
factors must be considered if contacts are to operate 
successfully. These are contact resistance; holding and 
opening forces; contact bounce; duty cycle; type of 
load and contact materials. 

Although the designer may carefully select the size, 
shape and materials for contacts, he is apprehensive 
about giving an iron clad rating for them in so many 
amperes at so many volts. Despite the fact that he 
designed the relay for a specific application and to 
operate under definite conditions, he is constantly 
aware of the fact the user may employ the relay for 
other applications than those for which it was intended. 
High ambient temperatures, rapid cycling and exces- 
sive loads of a highly-inductive nature will seriously 
undermine the ratings specified for the contacts. There 
is no simple answer for this problem even for what 
may be termed “commercial grade” relays, where the 
supplier states a general application for the unit in an 
attempt to prevent abnormal usage by the customer. 
Although Mr. Wagner did not feel that a simple test 
method of determining the safe current carrying ca- 
pacity of relay contacts he revealed that the National 
Association of Relay Manufacturers in collaboration 
with ASESA has proposed the following: “Relay con- 
tacts shall stand twice their rated capacity for 100 
operations at 15 cycles per minute under standard 
conditions.” Standard conditions are defined as 50 per 
cent relative humidity, 72 F and 29.5 barometric pres- 
sure. After this test the contacts must be suitable for 
use at their rated load.”. Mr. Wagner endorsed this 
proposal as worthy of the consideration of his audi- 
ence. 

A second paper devoted to contacts went into spe- 
cific detail on the factors affecting contact operation 
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enumerated in Mr. Wagner's talk. 


After discussing 
these variables, Stanton P. East, Wright-Patterson Air 
Force Base, reported on the work done at Wright 
Air Development Center on hermetically sealed relays 
for aircraft electronic applications. 
harmful influences are eliminated by sealing, Lt. East 
said that within limits the contact still remains the 


Although some 


weakest part of a high-grade relay. The particular 
investigation to which Lt. East made reference sought 
to find the ideal gas-material combination for each of 
eight single-valued electrical loads using 1200 tests. 
Ten materials and three gases were tested. Reviewing 
some of the resu!ts, Lt. East stated that at 28 volts, 1 
am direct current, choice was based on resistance or 
transfer, or the combination, since most of the mate- 
rials fared well. In helium, copper was chosen as the 
contact material; in hydrogen, silver platinum was 
chosen; and in air, silver. Certain combinations welded 
prematurely, such as 77° silver 23°, cadmium, which 
welded in all atmospheres. At 28 volts, 8 amp direct 
current, copper and tungsten in helium and hydrogen, 
molybdenum in helium, and to a lesser extent, plati- 
num-rutherium in hydrogen, showed ability to handle 
this load. Molybdenum and tungsten were successful 
in helium, but were ruled out on the basis of high re- 
sistance. At 28 volts, 12 amp direct current, only 
tungsten in hydrogen and helium was successful to 
any extent. 

On a-c loads, welding accounted for all failures. 
Where tungsten and molybdenum were excellent on 
heavy d-c loads, they were useless on heavy a-c loads. 
At 115 volts, 400 cycles 30 amp, only silver and copper 
could operate successfully. In helium the are would 
re-ignite occassionally before the contacts reached the 
full opening. Silver and copper in helium and _ hy- 
drogen showed life between 3000 and 14,000 opera- 
tions, with silver better than copper and with helium 
and hydrogen about the same. At 115 volts, 400 
cycles, 5 amp, the silver and silver-base alloys showed 
capability in all atmospheres to handle this load. 
Strangely enough, copper which appears as an ideal 
contact on heavy d-c and a-c loads, was not too good 
at this load, where welding accounted for the failure. 
For silver and its alloys, this a-c load was no more 
strenuous than a 28-volt, l-amp d-c load. The choice 
materials, silver-platinum in hydrogen and silver-cad- 
mium in helium, showed little transfer and would 
have continued indefinitely. The eight loads used in 
the tests are listed below in the order of severity. 

1-115 volts d-c 30 amp 
2—115 volts 400 cycles 30 amp 
3—115 volts d-c 10 amp 

4—28 volts d-c 12 amp 

5—28 volts d-c 8 amp 

6—115 volts 60 cycles 5 amp 
7—115 volts 400 cycles 5 amp 
8—28 volts d-c 1 amp 


Moving Magnet Relay. As part of the planned pro- 
gram at the symposium, several papers were devoted 
to the description of specific relay designs incorporat- 
ing novel or unique principles. J. A. Garratt of Thomas 
A. Edison, Inc., explained the construction and ap- 
plication of a moving-magnet instrument-type relay, 
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Fig. 3, designed to operate on a power input of 70 
microwatts or less. 

The operating principle of the relay movement is 
similar to that of the movements used in indicating 
meters except that the magnet, rather than the coil, 
is the moving member. The rotor magnet is located 
between the two stationary field coils and is posi- 
tioned so that at its mid-position its magnetic axis is 
approximately at right angles with the magnetic axis 
of the coils. When a current is passed through the 
stationary coils a magnetic field is produced which 
reacts with that of the rotor magnet to develop an 
actuating torque in the rotor, the direction of which 
is dependent upon the polarity of the field coil cur- 
rent. The strength of the actuating torque developed 
is directly proportional to the field strength of the 
stationary coils and is, therefore, also directly propor- 
tional to the coil current. This actuating torque causes 
the rotor to turn and in so doing causes the hairspring 
to be wound up. 

The stationary contact or contacts consist of 0.005- 
in. diam platinum-iridium wire with the free length 
about % in. between the point of support and the 
point of contact. This results in a flexible contact arm 
which provides the contact wipe required for reliable 
operation and helps reduce contact bounce. The sta- 
tionary contacts are protected against mechanical 
damage by a rotor stop built into the contact assembly 
which limits the overtravel to about 10 deg. Damp- 
ing of the rotor, which also reduces contact bounce, 
is provided for by a copper housing which encom- 
passes the magnet vane. It was necessary to use this 
system because the relatively loose coupling of the 
rotor magnet flux with the field coils renders the 
coils ineffective for the purpose of damping. How- 
ever, the system used has the advantage that the 
damping provided is, for all practical considerations, 
a fixed value and independent of the field coils and 
their external circuits. 


Electro-Thermal Relays. Also representing Thomas 
A. Edison, Inc., J. J. Dietz explained the construction 
and theory of operation of relays that operate by 
virtue of the heating effect of an electric current rather 
than by magnetic action. In contrast to the time con- 
stant of electro-magnetic structures, seldom exceed- 
ing 1 sec, delays in the order of minutes are readily 
obtainable with thermal relays. Before highlighting 
some basic application circuits, Fig. 4, Mr. Dietz 
pointed out that these devices are not capable of 
providing the accuracy of synchronous motor driven 
timers. Individual relays of the bimetal type are 
capable of repeat operation to an accuracy of +3 
per cent in the timing range between 30 sec and 5 
min at rated heater voltage and at room temperature. 
For the lower timing settings this percentage will in- 
crease reaching about +10 per cent at 5 sec. The 
usual tolerance on operating time on relays which are 
produced in quantity is +15 per cent although closer 
limits are often feasible and may be obtained in 
special relays. 

A major use for these relays is the protection of 
the cathodes of electron tubes such as high voltage 
and grid controlled rectifiers, where it is desired to 
delay the application of plate voltage until the cathode 
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of the tube has reached a sate operating temperature. 
A typical circuit is shown in Fig. 4a. The heater of 
the thermal relay is connected in parallel with the 
primary of the transformer supplying the filaments of 
the rectifiers and the contacts of the relay are con- 
nected in series with the primary of the plate trans- 
former. One limitation of circuit is that after a power 
interruption which is shorter than the recovery time 
of the relay the plate voltage may be re-applied 
before the cathode returns to a safe operating tem- 
perature. This situation can be corrected by using a 
slave relay as indicated in Fig. 4B. In this case the 
relay heater is turned off as soon as the contacts oper- 
ate, thus enabling the relay to provide the full delay 
for re-operation of the equipment, provided it has 
previously run for at least as long as the recovery 
time of the relay. There are some applications in 
which the temporary loss of operating time may prove 
to be costly or actually dangerous. To provide com- 
plete protection and yet minimize the off time, a 
resistance may be put in the relay heater circuit 
after contact operation as shown in Fig. 4D. By 
proper matching, the thermal relay can be held at a 
reduced temperature so that under normal conditions 
the heater voltage is just above critical. With this 
adjustment, the equipment is not affected by momen- 
tary loss of voltage yet the delay introduce d after an 
interruption less than the recovery time of the relay 
is nearly ideal. 

The thermal relay will integrate pulses of inter- 
mittent current and will operate its contacts after a 
predetermined rate of energy input has been reached. 
Circuits of this type are useful when an indication 
must be obtained of any change in the duration of 
on and off pulses. When properly applied, relay opera- 
tion will depend upon the ratio of on to off time 
and will be independent of pulse frequency. When 
equipped with a low resistance heater the thermal 
relay makes a simple single-step motor starter. Here 
the relay heater and a suitable current limiting  re- 
sistance are placed in series with the line connections 
to the motor and the relay contacts are arranged to 
short out the resistance after an interval of time long 
enough to allow the motor to reach operating speed. 
The sequential operation of electrical loads is readily 
accomplished by the use of the type of circuit shown 
in Fig. 4F. Such arrangements may be used to reduce 
peak demand in motor starting applications or for the 
automatic control of electrically operated equipment. 


Bellows Timing Motor. M. J. Sakatos, Signal Corps 
Engineering Laboratories, reported on a novel time- 
delay relay for operation on any type of power supply, 
ranging from direct current to 400-cycle alternating 
current. Fig. 5 is a partial representation of the relay 
mechanism. If a 2-min time delay were required, the 
time-set shaft would be advanced manually to the 
“2 minute” setting on a calibrated time dial, fixing 
the angular position of the time set pin. This pin 
drives a spring-loaded ratchet wheel before it, simul- 
taneously setting it to a fixed angular position. When 
power is applied, a subsidiary reset relay (not shown) 
positions the contact asse ‘mbly as shown in the sketch. 
This positioning action also closes the cycling contacts 
and energizes a heater within one of the bellows 
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FIG. 5—Schematie diagram of bellows-oper- 
ated time-delay relay suitable for operation on 
any type of power supply from direct current 
to 400-cycle alternating current. 


Expansion of the bellows drives the pawl lever to- 
ward the ratchet wheel until the ratchet wheel has 
been advanced one tooth. The cycling contacts con- 
trolling the heater are then opened by the detent 
dropping into the next tooth opening. Cooling of the 
heater bellows withdraws the pawl until it also drops 
into the next tooth. This results in the switch lever 
riding on the pawl, to reclose the cycling contacts. 
Heating of the bellows again moves the pawl to 
repeat the cycle. 

Assuming each complete cycle requires 8 sec, then 
19 continuous cycles would be required for the 2-min 
setting. Following this, the ratchet wheel pin will 
have advanced to a position adjacent to the contact 
operating stud. During the 20th cycle, as the pawl 
advances the ratchet wheel, the ratchet wheel pin in 
turn moves the contact stud which closes the main 
contacts and completes the time delay operation. 
Meanwhile the switch lever stop pin has assumed 
position such that the switch lever arm is unable to 
follow the pawl motion to close the cycling contacts 
to start another cycle. Thus, the thermal evcling will 
cease and the main contacts remain closed. This 
“closed-contact” position will be maintained until 
power is removed or interrupted. If power is removed, 
even momentarily, the reset magnet armature spring 
raises the detent and pawl from the ratchet wheel, 
permitting the wheel to return to the time set pin 
by means of its spring. 

The thermal motor consists of a pair of sealed bel- 
lows filled with an inert gas. One of these is the oper- 
ating bellows and contains a distributed heater, while 
the other is used solely for ambient temperature com- 
pensation. Radiation baffling is used in the operating 
bellows to minimize direct heat transmission to the 
bellows. Due to its low specific motion heat, the gas 
undergoes a rapid rise in temperature and pressure. 

In Fig. 6 is shown one of the relays described by 
Walter N. Borg, The W. N. Borg Corp., in a paper 
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on novel electro-magnetic designs. Feature of this 
relay is fast operation achieved by a unique armature 
arrangement. Two armature plungers and two non- 
ferrous rocker pins are used. One rocker pin is fixed 
to the rear armature plunger and moves freely through 
the front armature plunger. The other rocker pin is 
fixed to the front plunger and moves freely through 
the rear plunger. The rocker pins abut two non-fer- 
rous rockers on the opposite sides of their axes. The 
rocker pivot on two non-ferrous anvils. 

A non-ferrous plunger pin is fixed to the rear arma- 
ture plunger and moves freely through the front arma- 
ture plunger. This plunger pin is slidable in the rear 
anvil and extends through the front anvil. On the 
front end of the plunger pin two ceramic jaws are 
fixed to carry the common carrier bars. A restoring 
spring is located at the header end of the plunger pin. 
Operation is fast because the two armature plungers 
when energized move to the center, closing the 0.040- 
in. air gap. Total movement of each armature plunger 
is only 0.020 in., resulting in practically no wear. 


More User Requirements. Pointing out that great 
numbers of relays are used in automatic business 
machines, R. E. Markle, International Business Ma- 
chines Corp., outlined to the group present-day relay 
requirements in this field and discussed current relay 
designs. From this, Mr. Markel went on to state what 
should be done by relay manufacturers to meet the 
requirements of future applications. He called for 
improvement of present production models and devel- 
opment of a new type of general purpose relay. The 
improvements needed involve not only operating char- 
acteristics, but also reduction in field maintenance and 
production costs. Increased relay life is necessary to 
keep pace with the increasing card capacity of busi- 
ness machines. An increase of 50 per cent in life is 
desirable. 

A reduction in current requirements and an_in- 
crease in permissible duty cycles are much more im- 
portant than increased relay speeds. Faster speeds 
would make it possible to eliminate some circuitry, 
but the increased speeds combined with the desired 
duty cycles do not appear to be economically feasible 
at this time. Similar features should be part of the 
desired new relay. This is a relay with 4 transfer con- 
tacts to operate within 1 to 2 millisec and with a life 
of one billion operations. An additional requirement, 
which is a result of the use of magnetic storage, is 


that voltage surge suppression be an integral part 
of the relay. 

Even more stringent are the reliability demands for 
relays in guided missiles. In their paper on the sub- 
ject, H. W. Bishop and D. D. Zimmerman, The Johns 
Hopkins University, explained that all components 
including relays are vital, in that failure of any one 
of them will cause the missile to miss the target. 

Mr. Zimmerman, who presented the paper, gave a 
detailed statistical analysis of the reliability of relay 
operation in guided missiles. From the figures derived, 
it can be stated with 95 per cent confidence that mis- 
sile failure due to relays alone will be as low as 1.5 
per cent and as high as 4.4 per cent. These figures 
in themselves are good, until it is remembered that 
other classes of components which must also work in 
series with the relays. For example, a statistical anal- 
ysis shows that missles having 25 types of com- 
ponents may be expected to fail as much as 68 per 
cent of the time. 

Mr. Zimmerman then described the operating en- 
vironments that would be encountered by a relay 
during a missle flight. For many types of missiles, 
flight is divided into two phases: a brief boost phase 
in which there is an accelerating force up to 25 g and 
a sustained flight phase in which propulsion accelerat- 
ing forces are low, 1 g or less. During this phase, 
lateral accelerations of up to 10 g resulting from turn- 
ing maneuvers may be encountered. 

Vibration is a significant problem. There is evi- 
dence of accelerations as high as 10 g at various points 
in the spectrum between 10 and 1000 cps. There is 
considerable random noise, but certain frequencies 
may be very pronounced. Possible excitation sources 
include aerodynamic flutter, propulsion (engine burn- 
ing characteristics) and control system hunting. If 
the missile or any of its parts, substructures or com- 
ponents are resonant at any of the major frequencies, 
the resulting magnification or amplitude and accelera- 
tion will very likely cause trouble. At supersonic speed, 
the temperature of exposed surfaces of the missile 
rises significantly. As an indication, Mr. Zimmerman 
described type tests where assemblies are subjected 
to atmospheres of 450 F and to reduced pressures 
equivalent to altitudes of 60,000 ft. Mr. Zimmerman 
concluded by urging the relay suppliers to work 
toward development of premium relays. 

Further evidence of the users’ need for reliable 
relays was presented by G. D. Curtis, Change Vought 
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Aircraft. He listed the application problems encoun- 
tered in aircraft and missiles and the relay features 
that were needed most for reliable operation in these 
applications. 


Functions of ASESA. Lt. Colonel David Anderson, 
Armed Services Electro Standards Agency, recounted 
the objectives and functions of his organization. 
ASESA is a joint Army, Navy, Air Force activity of 
the Department of Defense, located at Fort Mon- 
mouth, New Jersey. Its aim is the standardization of 
those electronic component parts comprising the in- 
tegral circuit elements, related electrical items and 
materials commonly used in electronic equipments. 
However, these items must be required by one or 
more of the three Services in such quantities as to 
justify standardization action. ASESA work includes 
preparation of standards and specifications for elec- 
trical and electronic components assisting in the es- 
tablishment of approved sources of supply for these 
components by means of qualification testing and 
approvals, and assisting in the proper application of 
the standard parts in military equipment. 

Col. Anderson described in detail the procedures 
by which specifications were prepared. He stressed 
the fact that ASESA welcomes industry cooperation 
and listed the things industry can do to aid the quali- 
fication testing program. 

A more specific phase of testing—surge voltage test- 
ing of relay coils—was selected by Kirby B. Austin, 
Allied Control Co., Inc., as the subject of his talk. Mr. 
Austin indicated that the inductive surges or tran- 
sients set up when the relay coil is energized or de- 
energized are not disturbing in most applications. But, 
in certain cases, such as when a coil is energized 
through contacts subject to bounce, the transient volt- 
ages may be high enough to puncture coil insulation. 
Mr. Kirby gave specific examples of his investigations 
on surge voltage phenomena and explained a simple 
test method. 

Recalling earlier days “when a relay was a relay 
only,” T. Ross Welch of Neomatic, Inc., indicated that 
the vast variety of relays now offered by suppliers has 
made some standardization imperative. However, he 
urged that future modifications be provided for and 
the scope of standardization be limited so as not to 
impede future progress. 

Suppliers to the relay industry are also interested 
in promoting standardization. Al Neuman, Hermetic 
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Seal Products, spoke of the overwhelming variety of 
wire terminations, glass styles, sizes, body styles and 
markers in glass-metal headers demanded by relay 
manufacturers and offered by makers of hermetic seals. 
Mr. Neuman quickly covered the problem and then 
suggested an actual standard for the consideration of 
the industry. The proposed standard sizes of bodies 
and pins are summarized in the table. 

Closely allied with this subject was the discussion 
of H. N. Staats, Magnaflux Corp., on the effects of 
cracks in glass to metal seals on the performance of 
hermetically sealed relays. Mr. Staats described vari- 
ous types of cracks, what caused them and what their 
probable effects would be. Then he explained how 
cracks may be located with the electrified particle 
inspection method, known commercially as Statiflux. 


Relay Miniaturization. Indicating that today’s minia- 
ture relays may be considered large by tomorrow’s 
standards, James F. Rinke, Potter and Brumfield Man- 
ufacturing Co., defined miniaturization and explained 
the need for it. After reviewing present-day miniature 
relays designs, Mr. Rinke stated that new engineering 
approaches will have to be adopted by relay designers 
if they are to meet new requirements for miniature 
relays. It will be necessary to design for perfect static 
and dynamic balance in the moving system; to pro- 
vide sufficient magnetomotive forces from smaller 
coils and core structures without causing overheating; 
to use improved magnetic materials, contact systems, 
springs, bearings and bearing supports; and to de- 
velop completely inert insulation materials. 

The use and abuse of sensitive relays was the topic 
covered by W. H. Holcombe, Sigma Instruments, Inc. 
The performance of which a given relay is capable 
is dependent on: (1) the nature and operating cycle 
of the energizing circuit; (2) the nature of the contact 
load circuit; and (3) the environment to which the 
relay and the equipment as a whole will be subjected. 
Mr. Holcombe went on to discuss energizing circuits, 
stating that to achieve the highest and most constant 
speed response of which a given relay is capable, it 
should be energized from a high-voltage source of 
power through current-limiting resistance; it should be 
heavily over-energized in terms of coil current; and 
there should not be any form of shunt by-passing the 
coil. Also the relay should be given the most sensitive 
adjustment possible which is compatible with other 
requirements. 

Analyzing various loads, Mr. Holcombe pointed out 
that current supplied to a capacitive load will be 
characterized by a large surge at the instant of make. 
The symptoms of trouble from this cause will fre- 
quently be contact-sticking as a result of “spot weld- 
ing.” Inductive d-c loads are characterized by con- 
tact failure due to arcing and its consequent metal 
transfer or erosion. Mr. Holcombe’s coverage of en- 
vironment included vibration and temperature effects. 
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FIG. 6—Two armature plungers are used 
in this novel time-delay relay. The plungers 
are linked by two rocker pins. When relay 
is energized, plungers are brought together. 
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Designing 


Automatie 





K.quipment 


For Servicing 


Complex machines resulting from the expanding 


; 
technology of automation make maintenance a design problem. 


The author explains how wired-in wiring diagrams, control monitors, 


positive end-point timing and mechanical data transfer extend 


life and speed servicing of shell-machining equipment. 


N. P. Bashor, Manager, Electrical Controls Div. 
W. F. & Jonn Barnes Co., Rockford, Il. 


DesiGNING tor ease of servicing is a major objective 
in the evolution of highly automatic production ma- 
chines. If this consideration is neglected, the unskilled 
or semi-skilled personnel that the automation equip- 
ment frees may be replaced by an equal number of 
highly trained service technicians. Much of the eco- 
nomic incentive for automatic production would be 
lost thereby. 

The designer of automatic production equipment 
is therefore being called upon not only to furnish 
equipment that does the job required, but also to 
make this equipment so that it can be maintained 
with the facility of less complex machines. Fortunately, 
it is possible to do this by extending design ingenuity. 
Engineers of W. F. & John Barnes Company have 
introduced wired-in wiring diagrams and monitoring 
panels to help speed the locating of equipment failures 
in a completely automatic shell producing plant. In 
addition, the equipment has been made less liable 
to failure by using positive trip mechanisms to initiate 
each step in the cycle of operations. All the machinery 
and contro] systems were built by the Barnes company. 
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In the Rockford Ordnance Plant, 155-mm shells are 
manufactured on a completely automatic production 
line. Raw steel billets entering the plant are sawed, 
hot forged and machined and emerge \ 
finished shells ready for shipment. The only human 
operators required to be in attendance perform a 
monitoring function only. 

The equipment for machining the shell blanks is 
the most complex of the automation machinery in- 
stalled in the plant. There are six lathe stations and 
one tapping station where the hundreds of machining 
operations are performed. One such station is pictured 
in Fig. 1. These stations are arranged in-line and each 
shell has operations performed on it at every station. 
Shells are carried from station to station by automatic 
roller conveyors. Each station consists of two  bat- 
teries of machines facing one another, with a robot 
loader, Fig. 2, located between them. Each of the 
batteries of machines is a duplicate of the other. The 
reason that two are used at each station is to obtain 
the highest possible volume of unit production. Nor- 
mally, both batteries operate simultaneously but, if 
necessary, eitlier machine in a station will function 
alone while the other is inoperative. The robot mech- 
anism serves both machines, loading incoming shells 


as precisely 
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FIG. 1—Lathe station in shell machining line. Conveyor is in foreground and robot loader is visible in center. 
At either side of robot are rotating batteries of four lathes. The four drive motors for each group of lathes 
can be seen at the top of the picture. 





onto the lathe chucks and then after machining, un- 
loading the chucks and replacing the shells on the 
outgoing conveyor. 


Sequence Control. A complete load-machine-un- 
load cycle at any one of the lathe stations is made 
up of a hundred or more individual operations. It is 

evident that unless carefully designed, the control 
circuits required for these stations will provide a 
great many opportunities for breakdown or false 
operation. For this reason, W. F. & John Barnes Com- 
pany engineers use limit switches alone for end points 
to control the complex sequence of operations. 

| To illustrate the number of machine motions in a 

single cycle, consider the loading function. At the 
start, unfinished shells are on both incoming platforms 
of the loading conveyor (shells move two abreast as 
shown in Fig. 1). Finished shells are in the two 





) chucks of the lathe on the No. 1 machine which has FiG. 2—Close-up of robot loader removed 
been indexed to the No. 1 machine loading and un- from production line. Two shells are in 
: loading station. The two chucks of the lathe on the robot arms on the right. There are four 
No. 2 machine, which has been indexed to its loading sets of arms which index around vertical 


axis when transferring shells to and from 


and unloading station, are empty. ; 
loading station, are empty il ead. 


} 
The last previous operation of the robot loader has | 
been to index 90 deg counterclockwise, placing the eae) 
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No. 3 unloading arms opposite the outgoing conveyor. 
These two arms hold two finished shells just taken 
from the No. 2 machine, ready to be placed on the 
outgoing conveyor. The No. | unloading arms are op- 
posite the No. 1 machine ready to receive the two 
finished shells in that machine. The No. 4 loading 
arms are opposite the No. 2 machine ready to place 
two unfinished shells into that machine. The No. 1 
loading arms of the robot loader are opposite the in- 
coming conveyor ready to receive the two unfinished 
shells which are waiting on the platforms of the 
incoming conveyor. 

During this time, three lathe stations in each ma- 
chine are performing their metal removing operations, 
each lathe station working on two shells. Each lathe 
station in both machines operates independently, but 
the indexing of the two machines for the purpose of 
loading and unloading is controlled by the cycling 
of the robot loader, and therefore takes place simul- 
taneously. The incoming conveyor platforms now tilt 
to place the unfinished shells in a vertical position. 
Next, all arms of the robot loader move out. 

The No. 1 loading arms receive the two unfinished 
shells from the incoming conveyor platforms. The 
No. 4 loading arms place two shells in the chucks of 
the lathe on the No. 2 machine which is in the load- 
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ing and unloading station. The No. 2 unloading arms 
receive two finished shells from the chucks of the 
lathe on the No. 1 machine which is in the loading 
and unloading station. The No. 3 unloading arms 
place two shells on the platforms of the outgoing 
conveyor. When these functions have been completed, 
the robot loader arms then go in, and the robot loader 
indexes 90 deg clockwise. 

As soon as the robot loader arms have gone in, the 
No. 2 machine indexes, placing the next lathe on that 
machine in the loading and unloading station. After 
this robot loader cycle has repeated itself, the No. 1 
machine will index, placing the next lathe on this 
machine in its loading and unloading station. After 
the robot loader arms have gone in, the platforms on 
the incoming and outgoing conveyors move back into 
their horizontal positions; the incoming conveyor plat- 
forms to receive two more unfinished shells and the 
outgoing conveyor platforms to allow the conveyor to 
take the shells from them. The performing of the 
above operations comprises on complete sequence of 
operations. 

This brief description does not attempt to tell in 
full detail all of the individual operations involved in 
even the materials handling function. At the same time, 
no mention has been made of the gerat number of 
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steps involved in the machining operations performed 
on the shells at this one station. But, the discussion 
does serve to bring out the necessity of precisely co- 
ordinating the thousands of actions that take place as 
a shell moves from one end of the machining line 
to the other. 

To provide accurate synchronization of mechanical 
motions with a minimum possibility of false operation, 
the control design is based completely on what might 
be called “positive end-point timing.” Every step in 
the cycle is initiated by action of a limit switch. The 
ending of one step is made to trigger the start of the 
next, in chain-reaction fashion. Thus, it is impossible 
for any machine motion to take place out of order. If 
for some reason a motion does not complete its full 
travel, the entire cycle is automatically stopped. 

No time-delay relays, motor-driven cam timers, elec- 
tronic timers, pressure switches or sequence valves 
are used in the machine control circuits. Absent also 
are all of the newer program controllers such as 
magnetic tape recorders, template-tracing —servo- 
mechanisms and punched-tape devices. While the use 
of some or all of these components would certainly 
add to the flexibility of the equipment and would 
simplify the circuit design somewhat, it was felt that 
there would be less likelihood of breakdowns if posi- 





tive end-point timing were employed. In addition, 
trouble-shooting limit switch circuits is less of a serv- 
ice problem than analyzing a servo feedback loop or 
an electronic circuit. 

Portions of the schematic wiring diagram are shown 
in Fig. 3. The adherence to the philosophy of positive 
end-point timing is evident here. All contacts seen in 
this drawing are associated with limit switches, relays 
or pushbuttons. 


Data Transfer. Each lathe machine consist of four 
or six individual lathes mounted on a rotating index 
turntable which makes it possible to place each lathe 
successively in the same position for loading and 
unloading. To eliminate the use of slip rings for 
connecting the controls of the lathes to the central 
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control systems, it is necessary to use a data transfer 
mechanism. Each of the lathes on the machine is 
equipped with a control station quite similar. to the 
pushbutton control station on a conventional floor- 
mounted machine tool. In place of pushbuttons, how- 
ever, the stations are equipped with plungers as 
illustrated in Fig. 4. 

A mating control station is mounted in a fixed loca- 
tion beside the turntable and is electrically connected 
to the main control panel. Now, as each machine 
tool is brought into operating position by rotation 
of the turntable, its control station, known as a 
machine data transfer station, comes to rest directly 
above the master stationary data-transfer station. 
Solenoid-operated plungers in the master data-trans- 
fer unit depress the plungers in the machine data- 
transfer station to control the operations of the lathe 
in the same manner as a human operator pressing 
pushbuttons with his fingers. The solenoids are ener- 
gized by signals from the main control panel. 


Feedback Principle Employed 


Here, again, the principle of positive end-point tin 
ing is applicable. The extension of the principle re 
quires that feedback be employed between machine 
elements and the central control panel. This is ac- 
complished by equipping the machine data-transfer 
unit with a series of solenoid plungers and the station- 
ary unit with an equal number of pushbutton plungers. 
To start a step in the process, a plunger in the sta- 
tionary unit pushes a corresponding plunger on the 
machine unit. When this step has been completed, a 
solenoid in the machine unit is energized, causing a 
plunger to move out, depressing a pushbutton plunger 
on the stationary unit. In this way, information that 
a step has been completed is fed back to the central 
control panel. The feedback signal is used to trigger 
the next step in the cycle. 

The mechanical data-transfer process of transferring 
a signal from a limit switch on the machine through 
the transfer mechanism to the central control panel, 
and from the central control panel back through the 
transter mechanism to the initiating means for the 
next operation can be demonstrated by reference to 
Fig. 3. In line 1, when LSIHO and LS2HO are 
operated by the loader arms being out, CRHO12 coil 
is energized. A contact of CRHO12 energizes the latch 
coil of CRC-7 in line 4. A CRC-7 contact energizes 
solenoid SSDT-1-TUC in the master data-transfer 
station, line 10, which causes its plunger to depress 
pushbutton LSDT-TUC, in the machine data-transfer 
station for one of the lathes on machine No. 1. 
LSDT-TUC energizes solenoid STUC, line 13, caus- 
ing the tail stocks of the lathes on machine No I to go 
up and clamp the two shells which have been deliv- 
ered to the lathe by the loader. When the tailstocks 
are up, limit switches LSTSL and LSTSR are operated, 
closing their “up” contacts. These contacts energize 
the coil of CRTU, line 17. A contact of CRTU energizes 
solenoid SMDT-TUC in the machine data-transfer 
station for the lathe on machine No. 1, line 18, causing 
its plunger to depress pushbutton LSSDT-1-TUC in 
the master data-transfer station. A contact of this 
pushbutton energizes the coil of the relay CRDT-1- 
TUC, line 19. A contact of this relay causes the next 
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step in the cycle to take place, which is to bring the 
loader arms in, leaving the shells in the lathe on the 
No. 1 machine. 

The flow of information for this step in the opera- 
tion is from master data-transfer station to one of the 
machine data-transfer stations to cause an operation 
to take place; then, back from the positive end-point 
indicating that the operation has taken place, to one 
of the machine data-transfer stations, to the master 
data-transfer station and to the central control system. 


Wired-In Wiring Diagrams. The schematic. wir- 
ing diagrams for each of the lathe stations in the 
line of shell-machining equipment occupy a total of 
about 90 sq ft of tracing paper. This statistic points 
up the complexity of the control circuits. It is logical 
to expect that maintenance procedures would be cor- 
respondingly complex unless special techniques were 
provided. 

There are many systems used to locate trouble in 
electrically controlled machines, but all basically con- 
sist of some form of signal tracing. For example, a 
lamp,. buzzer or other indicating device may be em- 
ployed to check contacts, either singly or in groups, 
to determine which contact is operating improperly. 
This method requires that a wiring diagram or sim- 
plified schematic be available to permit the service- 
man to follow through the circuit. Even with the 
proper diagrams, this is a lengthy procedure since 
many contacts must usually be tested before the 
source of difficulty is located. It takes time to relate 
the symbols on the circuit diagram to the actual de- 
vices on the control panel. It is difficult to maintain 
a train of thought when attention is shuttled continu 
ally between panel and diagram. In addition, the 
repeated shifting of attention from diagram to ma 
chine and back again magnifies the chances for errors. 


106 





FIG. 5 (Left)—Wired-in wiring diagrams 
permit fast checking of control circuits. 
The technician simply has to touch probe 
to contacts which are electrically connected 
to corresponding points in the control sys- 
tem. FIG. 6—View of the back of a wired- 
in wiring diagram. Copper screws hold lead 


Fig. 5 shows the solution invented for this problem. 
It is a wiring diagram containing check points which 
are actually electrically connected to corresponding 
devices in the machine control system. It is no longer 
necessary to go into the equipment. The maintenance 
man merely touches the test prong against the check 
points on the diagram. The board shown in Fig. 5 
was constructed for a small experimental control. The 
boards needed for the shell machining line are, ot 
course, very much larger. 

In assembling a test board, the line drawing is 
glued to a sheet of plastic laminate or the print may 
be imbedded in a transparent phenolic for added 
permanence. Holes are then drilled through each ter- 
minal shown on the diagram. Small copper screws are 
driven through these holes from the back of the board. 
The screws are long enough so a wire can be fastened 
to them on the back of the panel, as pictured in Fig. 6. 
They are driven through the board until they are al- 
most flush with the surface and can be touched with 
the test prong. The plastic is then mounted on the back 
of the control panel. It is mounted on hinges so work 
can be done on both sides of it. The other end of the 
wire is connected to its respective terminal in the 
control panel. All the control contacts shown on the 
line diagram, with the exception of the 220- or 440- 
volt power contacts, are actually connected with 
their respective contacts in the control panel. The 
circuit of Fig. 7 is a simple application of the wired-in 
wiring diagram. The test lamp and probe are con- 
nected in series to the grounded side of the line so 
that it can be handled without danger. To check the 
circuit it is necessary simply to touch the test probe 
to a contact on the line diagram. If the lamp lights, 
the circuit is good to that point. In Fig. 7, if the 
probe is brought in contact with terminal 2 and the 
lamp lights, it indicates the CR-I contact is closed. 
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plastic sheet, where they can be contacted 


FIG. 7—Schematic drawing showing con- 
_ nections between control panel (at right) 
_ and wired-in wiring diagram. Connections 
_ are made at terminal strip on panel. 





It the lamp fails to light, the contact is open. If the 
probe is brought in contact with terminal 3 and the 
lamp lights, it indicates that LS-2 and CR-I contacts 
are closed. 

The wired-in wiring diagram offers many obvious 
benefits regarding accurate and rapid trouble shoot- 
ing. An important additional advantage is the ability 
to test for trouble while the power is on since the 
serviceman need not enter the control enclosures. 
This is helpful, also, when intermittent faults are 
being sought. The only shortcoming is high initial 
cost. It is usually justifiable, however, for essential 
machines in a line where down-time is undesirable. 


Control Monitor. To further insure uninterrupted 
operation of shell-machining equipment, monitoring 
features are incorporated in the control desk, Fig. 8. 
Here can be seen the sequence control panel pro- 
vided for interlocking and controlling each group of 
machines. A group consists of a left hand machine, 
a right hand machine and a loading robot. By means 
of the system of indicating lamps, the operator can 
tell at a glance the condition of each limit switch, 
relay or other contro] element used for that particu- 
lar station of machines. 

The lamps on the control desk are arranged to burn 
at low voltage when the associated control element 
is de-energized and at normal voltage when the 
element is energized. Thus, the lamps show dim- 
bright rather than on-off. At all times, therefore, the 
Operator can detect a defective lamp. A_ selector 
switch is provided so that all lamps can be turned 
off when the equipment is not being used. The lamps 
in the upper control desk panel are arranged in 
horizontal rows and vertical groups. The top row of 
lamps indicates the actual condition of each control 
element at any point in the complete operating cycle. 
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FIG. 8—Single-station control monitor used in 
connection with shell-machining line. Lamps at 
left indicate step being performed. Row of lamps 
at top shows the condition that each circuit ele- 
ment should be in at the end of that step. Other 
lamps indicate the actual condition of the circuit | 
elements at any instant. If pattern of latter lamps 
does not agree with pattern of re lamps, 

a fault has been devectenl; es 


Mite th 


The remaining rows of lamps on the upper panel in- 
dicate the condition that each control element should 
be in at the end of any particular step in the cycle. 
Thus, a comparison of the lamps in the upper row 
with the lamps in the proper lower row will indicate 
whether or not the machines are performing as re- 
quired. Also, when trouble is detected, this compari- 
son will show which control element or elements are 
at fault so that repairs can be effected rapidly. 

The lighting of the upper row of lamps is controlled 
by switch contacts directy associated with the control 
elements. This system may be regarded as a type of 
feedback by which information is returned to the con- 
trol desk for monitoring purposes. The lamps in the 
lower rows are illuminated or not in accordance with 
a fixed pattern. The leads for all lamps in any par- 
ticular row are connected to the same relay contacts 
that control the step lamp associated with that row. 

The vertical groups of lamps on the upper panel 
are arranged as follows: 

1—The left-hand group corresponds to the individ- 
ual steps, in the operating cycle. 

2—Second from the left is the group for indicating 
conditions existing in the control circuit of the left- 
hand machine. 

3—The third group indicates conditions in the con- 
trol circuit of the automatic loader. 

-The group on the right indicates conditions in 
the control circuit of the right-hand machine. 

The lower panel the cotnrol desk carries the 
pushbutton by which the operator regulates the oper- 
ation of the machine. The machines can be put into 
completely automatic cycle where the completion of 
one step triggers the start of the next. Or, the control 
can be placed in “hand cycle” by which the operator 
can select at will any step in the cycle and have the 
machines go through the motions of that step. OG 0 0 
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of steering column. — 


A strong feeling — 
of stability was 
emphasized by 
planes converging 
to a point above 
the operator (top). 
Location of the 
engine allowed 
room for vertical 
toe-in. Seat and 
cast counterweight 
_ at rear are blended 
both by color and 
taper, giving the 
effect of a truck 
“sitting on its 
haunches.” 


In addition to 

the dramatically 
new silhouette, 
distinctive 
identification 

was obtained 
through the use 
of a vertical 
arrow as a syinbol 
of the lifting 
function of the 


Alexis de Sakhnoftsky 
Chicago, Illinois 


Styling an 


Electric Truck 


Change from battery to gas-engine driven generator 
power for this new electrically driven industrial truck 
presented an opportunity for a fresh approach to 
appearance design. Here is the story behind the 
styling of the Dynamotive truck, the first 


gas truck with electric transmission. 


CUSTOMER SPECIFICATIONS tor the appearance design 
of the new Dynamotive fork-lift truck were: 
. Functional appearance. 

2. Instant identification. 

Design which will not obstruct vision or inter- 
fere with safety of operation. 

4. Low tool cost. 

Operation of a lift truck requires the maneuver- 
ability of a wheelbarrow, the unobstructed vision in 
all directions of a bicycle and smooth controls of 
a Dynaflow. The truck has to look stable, have a com- 
pact silhouette (which immediately suggests its use 
in cramped quarters), and provide easy access to the 
driver's seat from both sides. 

Appearance of the truck has to appeal to the main- 
tenance superintendent, who appreciates easy-to-clean, 
smooth surfaces and to the operator, who is proud to 
drive a vehicle which looks as though it is going 
places even when it stands still. 

The problem of identification was two-fold. First, 
the client wanted the truck to be as radical in appear- 
ance as it was in design. It was not just a problem 
of “dolling-up” an existing model—everything on the 
Dynamotive was brand new. Therefore, it was im- 














































perative to make it look different at the point-of-sale; 
display and showrooms. Second, it had to be instantly 
identified at work: on airports, factory yards or streets. 


Better Operator Vision. Vision towards the front 
and sides is more important than towards the rear. 
Due to high-placed seats, rear vision is good on the 
majority of industrial trucks. At the same time, on 
most of them, the driver is separated from the lifting 
booms by an elaborate, high shield, which supports 
the steering column and some of the controls. Gen- 
erally this shield is directly in line of vision of the 
lifting forks. For this reason it was decided to confine 
the front shield to a small housing over the electric 
motor and brake, group all dials and controls into a 
compact box and support the steering column by a 
stout bracket placed close to it. This provided the 
driver with a unique, unobstructed line of vision, un- 
equalled in other industrial trucks. 

Client plant facilities were not available to produce 
compound-curve stamping dies nor finished stampings 
of that type. Consequently, shapes were confined to 
those produced by bending or trimming tools only. 


Identification. Ease of identification was by far the 
most important and intricate problem faced. “Auto- 
matic” electric trucks are universally known as quality 
products which have pioneered a number of innova- 
tions. The development of the gas-electric model 
marks a major step in the trend towards automatic 
transmissions. The latest engineering creation needed 
drama for its presentation to the public. It is probably 
the lowest, most compact chassis on the market. Some 
of the restrictions imposed on the stylist by the all- 
electric truck design are gone. It was a challenging 
problem to make the most of the lack of limitations. 
Still some of the remaining ones were rather per- 
plexing. 

One of the best means of identifying a new product 
is color, but in this case a distinctive color was ruled 
out. Industrial truck manufacturers and users all had 
adopted orange and black for safety reasons. 

Another commonly used method is emphasizing the 
trade-mark. The type of lettering used by Automatic 
for the trade-mark has also been adopted by com- 
petitive firms. Even the number of letters in the name 
happens to be identical to the name of one of them. 
Obviously something more forceful was needed. As 
distinctive and unorthodox as the new silhouette then 
was developing, it needed a “brand” insignia. 

After experimenting with a large number of possible 
trade-marks, I decided on an arrow-symbol of lifting 
which is the function of this truck. The arrow has 
never been used in this field, and it lent itself to 
promotion as an immediately recognizable sign. Be- 
sides, its top—a triangle—blends ideally with the letter 
“A” for Automatic. The rest was easy. 

The arrow was streamlined by adding a simple 
“guided missile” tail, then the A-bearing triangle was 
inscribed in a circle. The ensemble formed an archi- 
tecturally correct, easy-to-remember _ trade-mark, 
which was immediately adopted. The full arrow with 
its A-head decorates the booms, which tower at all 


110 


Styling an Electric Truck: continued 


times high above trucks, planes, cars or machinery 
which may obstruct the view of the truck when it is 
in operation. 


Functional Appearance. Here are the thougiits 
which governed the functional appearance. What with 
the heavy loads and equally massive counterweight. 
first consideration was to give the truck an effect of 
stability. Stability is best symbolized by a base broader 
than top as indicated in the accompanying. sketch. 
The dotted lines show the symmetry which was 
achieved by selecting a suitably located point and 
converging the planes of the main surfaces towards 
it. This was made possible by a low-placed centrally 
located engine, which allowed plenty of room for a 
vertical toe-in. 

Following the same line of thought, I emphasized 
the strategic location of the counterweight. The photo 
and sketch show how the sweep of the floor is carried 
towards the back at an angle. In the elevation the 
seat and continuation (the top of the counterweight ) 
are blended both by color and the gentle taper to- 
wards the rear. The result is a truck which seems to 
“sit on its haunches.” 

The pleasing appearance of the Dynamotive is no 
accident. Besides the strict styling answers to the 
Company's requirements, some details were included 
that appeal to us more psychologically than visually. 
One example will suffice. 


Steering Column Strengthened. Many well-designed 
parts have units which often do not appear to be 
strong enough. No weak-appearing element can be 
tolerated in the design of an industrial . vehicle. 
Whether it is built to properly perform its function or 
not does not always show—it also has to look the part. 

On the majority of trucks which I have inspected, 
steering columns appeared undersized for the size 
of the truck. For this reason I placed a wedge-shaped 
housing over the steering column to emphasize 
strength. Beside giving a more substantial feeling to 
the design, the housing conceals the bracket and 
provided a cover for easily accessible relays needed 
in the driver control system. 

This particular designing job did not present any 
serious engineer-versus-stylist problems. The extreme 
lowness of the chassis and the grouping of the con- 
trols allowed a pleasing design to be developed with- 
out sacrificing any vital clearances. After the origi- 
nal sketch was accepted, some changes in the loca- 
tion of dials and controls were made, However, these 
had no preceptible effect on the silhouette, since the 
styling compromises included only such secondary 
details as angle of the front motor housing, larger 
instrument panel and less toe-in to the rear. 

As a whole, the production model of the Dynamo- 
tive truck incorporates nearly all of my original styling 
suggestions. In my work with the engineering and 
sales executives of the Automatic Transportation Com- 
pany I found a desire to analyze the reasons for my 
lines, then to- scrutinize every detail, and finally to 
follow the exact balance of curves and straight lines 
embodied in the design concept. Ooo 
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A composite of the Joint Industry Conference Electrical 


Standards for Industrial Equipment, revised and adopted March 1953 


and the National Machine Tool Builders’ Association Electrical 


Standards revised and adopted January 1954. 


FOREWORD—A comparison of the latest versions of 
the Machine Tool Electrical Standards, and the J. I. C. 
Electrical Standards for Industrial Equipment indicate 
that both groups are in agreement on the majority of 
recommendations. This unity should aid in prompting 
greater numbers of designers—not only of machine tools 
but of other industrial equipment as well—to follow the 
standards. Because of the increasing interest in these 
standards, and to put them in more convenient form 
for readers, the editors of ELecTRicaL MANUFACTURING 
have prepared the combined electrical standards that 
follow. The combined standards will serve the designer 
regardles of whether he is following the N. M. T. B. A. or 
J. I. C. versions, or both. 

The Machine Too] Electrical Standards are limited to 
machine tools, defined as follows: 

A metal-cutting machine tool is a power-driven machine, 
not portable by hand, used for the purpose of removing 
metal in the form of chips. 
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A metal-forming machine tool is a power-driven ma- 
chine, not portable by hand, used to press, forge, emboss, 
hammer, blank or shear metal. 


Note: This definition of a metal-forming machine tool 
does not include die casting machines, extruding machines, 
rolling mills or welding equipment. 


The revised J. I. C. Electrical Standards incorporated in 
this composite were based on the official minutes of the 
March 18-20, 1953, J. I. C. meeting. These minutes, dated 
April 3, 1953, were reported by R. R. Mitchell, Joint In- 
dustry Conference, P. O. Box 182, Northend Station, De- 
troit 2, Mich., from whom copies can be obtained. 

The Machine Tool Electrical Standards incorporated 
herein were revised and adopted January 7, 1954, by the 
National Machine Tool Builders’ Association, 2071 East 
102nd St., Cleveland 6, Ohio. Copies of the official stand- 
ards can be requested from Tell Berna, general manager, 
at this address. ooo 
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IN WHAT FOLLOWS, the paragraphs that are common to both standards are printed in 


Roman type. Paragraphs or phrases peculiar to the J. 1. C. Electrical Standards only are 


shown in boldface type. Paragraphs or phrases that are contained only in the Machine Tool 


Electrical Standards are printed in italics. In addition, differences and exceptions are also 


identified by the notations, “J. I. C. version” and “N. M. T. B. A. only,” wherever possible. 


The paragraph numbers used in both standards are identical, with the exception that 


J. I. C. paragraph numbers are preceded by the letter 


“EE.” thus: E 2.3.5. In this com- 


bined standard the “E” has been dropped from all paragraphs except those sponsored by 


Bi Es) (RS 


only. In conformance with the broader terminology used in J. I. C. Electrical 


Standards, the phrase “industrial equipment” is incorporated throughout these combined 


standards. Sponsors of the Joint Industry Conference have not limited their recommen- 


dations to machine tools alone but aim to include many types of industrial equipment. 


Evidence of this intention is in the suffix letters 
which are appended to several of the J. I. ¢ 


0. GENERAL 


0.1 The purpose of these Electrical Standards is to 
provide detailed specifications for the applica- 

tion of electrical apparatus to industrial equipment, which 

will promote: 

1. safety to personnel, 

2. uninterrupted production, 

3. long life of the equipment. 

These Standards are not intended to limit or inhibit ad- 

vancement in the art of electrical or mechanical engi- 

neering. 


0.2 When purchaser requires electrical equipment 

and installation of such equipment by the ven- 
dor to conform to these Electrical Standards, he shall 
so specify in his original inquiry and on his purchase order. 


0.3 The purchaser will specify in his inquiry and on 
purchase order such additional details as are re- 

quired to meet his local requirements, i.e, motor and con- 
trol desired, electrical power supply available, provisions 
for unusual conditions, etc. 
E0.4 = (J.I.C. version) When requested on inquiry, or 
on purchase order, or on both, the industrial 
equipment builder shall submit for purchaser's approval, 
preliminary data, in accordance with Section 1, consist- 
ing of: 

1. Elementary diagram 

2. Electrical stock list 

3. Sequence of operations 

4. Electrical layout 

5. Panel layout or wiring diagram 
(A) This shall be done before electrical components are 
installed on equipment. After preliminary approval by 
purchaser, any deviations by equipment builder shall have 
purchaser’s approval in writing. 
(B) Prints of the preliminary data, as described above, 
shall be submitted in the quantity called for on purchase 
order. 


(C) One tracing or reproducible copy of final diagrams, 
as described in Section 1, shall be forwarded to purchaser 
not later than date on which the equipment is shipped. 
Final diagrams shall be identified with purchase order 
number and serial number of equipment or, if none, with 
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“F” (for furnaces) and “W” (for welders) 


). paragraphs. 


a full description which will identify the diagrams with 
the particular equipment. 


0.4 (N.M.T.B.A. version) (A) Where more than one 
motor, starter or auxiliary device is used (if the 
motors and controls are not entirelu independent) an ele- 
mentary diagram and wiring diagram shall be furnished, 
making use of standard symbols and showing all of the 
electrical connections including the numbers used on the 
wires or terminals. When requested by the purchaser or 
deemed necessary by the builder, a description of the 
sequence of operations shall be furnished. 
(B) These diagrams shall be marked with the serial num- 
ber of the machine, and the customer's order number, or 
if none, with some other symbol which will identify the 
particular machine to which these diagrams apply. 
(C) Three (3) copies of these diagrams shall be for- 
warded to the purchaser by mail when the machine is 
shipped. 


0.5 A nameplate listing voltage, phase, frequency, 

full load current, or rated kva, control] circuit 
voltage and wiring diagram numbers shall be attached to 
the control equipment or machine. 


0.6 On any point for which specific provisions are 
not made in these specifications, the provisions 
of the National Electrical Code shall be observed. Article 
670 of the Code applies specifically to machine tools. 
Article 630 of the NEC applies specifically to welders. 


0.7 Whenever a specific standard is mentioned, it 
is understood it will be the “latest revision 

thereof,” unless otherwise specified. 

EO.8 = (J.I.C. version) Deviations from these Standards 

shall have purchaser's approval in writing. Any 

waivers granted shall apply only to the order in question, 

and shall not be considered as permanent. 


0.8 (N.M.T.B.A. version) The machine tool builder 
should indicate in his quotation the type of elec- 
trical installation which is proposed. 


0.9 These Standards shall apply to electrical equip- 
ment for use on circuits which operate from a 


supply voltage of 600 volts or less. 
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1. DIAGRAMS 





1.1 Single Motor Equipment 
1.1.1 On industrial equipment having only one motor 
and one starter, the wiring diagram normally 
furnished with the starter shall be considered satistactory, 
provided the diagram shows all of the electrical apparatus 
on the industrial equipment. 


1.2 All Industrial Equipment Not 
Covered by 1.1 


E 1.2.2 (J.1.C. only) The wiring diagram, elementary 

diagram, electrical stock list, and sequence of 
operations, when practicable, should be shown on the 
same sheet. If more than one sheet is required, they shall 
be cross-referenced. All sheets shall be either 842 x 11 in. 
or 9 x 12 in. or whole multiples thereof. Drawings shall be 
of such size that all information is clearly legible. Maxi- 
mum size of sheet shall be 36 x 48 in. 


E 1.2.3 (J.1.C. version) A copy of all data listed in Para- 
graph E 1.2.2 shall be inserted in a permanent 
metal data pocket attached to the inside of the electrical 
control panel enclosure. 
1.2.3. (N.M.T.B.A. version) A copy of each diagram 
shall be inserted in a permanent metal data 
pocket attached to the inside of the electrical control 
panel enclosure. If space permits data pockets shall be 
at least 9 in. wide. 


1.3 Wiring Diagram 
12.9 The wiring diagram shall show the general 
physical layout of the electrical control panel 
with all relays, disconnect switch, control transformer, 
terminal strips with numbers, etc. Interconnection dia- 
grams should be shown as part of wiring diagrams. De- 
tailed dimensions need not be shown. Symbols for all 
electrical devices and their connected terminals, both in 
and external to the control panel, shall be identified as 
shown in the elementary diagram. (Also, see 6.2.1.) 

1.4 Elementary Diagram 
1.4.1. The elementary diagram shall be drawn with 
vertical lines to represent the source of control 
power, and all control devices shall be shown between 
these lines using standard electrical symbols. (See Para- 
graph 1.8.1.) Electronic diagrams may be drawn between 
horizontal] lines. Control transformer, all motors, other 
power devices and main line disconnect shall be shown. 
The control devices should be arranged in the order in 
which they are energized. The position of the symbol in 
the elementary diagram is arranged for convenience and 
simplicity and does not indicate its physical position on 
the equipment. All connecting wires and symbols for elec- 
trical devices shall be identified. 


E 1.5 Electrical Stock List 


E 1.5.1 (J.I.C. only) The stock list shall show quantity, 

manufacturers’ name, type or model of each de- 
vice used, plus motor horsepower, frame sizes, type of 
enclosure and speeds, and any other information neces- 
sary to order replacement electrical items. 
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E 1.6 Sequence of Operations 


E 1.6.1 (J.I.C. only) The sequence of operations shall be 

worded to indicate the progression of operations 
of all push buttons, limit switches, relays, solenoids and 
all other control devices on the equipment. Graphical rep- 
resentation may be used to supplement the written de- 
scription. Block diagrams may be used to indicate position 
of multiple contact devices such as drum, cam and selector 
switches, etc. 


E 1.7 Electrical Layout 


E 1.7.1 (J.1.C. only) The electrical layout shall consist of 

an outline of the industrial equipment showing 
electrical control enclosure, control and power devices ex- 
ternal to the control enclosure in their relative locations, 
and the approximate position and size of all conduits that 
will be installed by the purchaser. 

1.8 Standard Symbols 
1.8.1 The suggested American Standard Graphical 
Symbols for Power and Control, Z32.3 and the 
Graphical Symbols for Electronic Devices, Z32.10, and 
other typical symbols recommended for use in wiring and 
elementary diagrams, are shown in Chart I in the adden- 
dum of these Standards. Identification of devices shall be 


in accordance with NEMA Standards for Industrial Con- 
trol, IC 1-23.1 (1949). 


1.9 Conduit in Foundation 
1.9.1 On industrial equipment requiring a foundation, 
the minimum size, purpose and location of the 
conduit to be placed in the foundation by the purchaser 
shall be shown on the foundation plan. 


E 1.10 Panel Layout 


E 1.10.1 (J.I.C only) The panel layout shall show the gen- 

eral physical layout of the electrical control panel 
with all relays, disconnect switch, control transformer, 
terminal strips, etc., in position relative to each other. De- 
tailed dimensions need not be shown. 


2. CONTROL 


2.1 General Standards 

2.1.1 Control devices shall meet the minimum re- 

quirements of the latest revisions of ASA Stand- 

ards C19-1 and NEMA “Standards for Industrial Control.” 

NOTE: Precision and other small devices used for 

control shall conform to the accepted standards for that 
class of devices. 


E 2.1.2 (J.I.C. only) All polyphase motor starters shall be 

magnetic type and shall not be smaller than 
NEMA Size 1. Across-the-line starting shall be used unless 
otherwise specified by purchaser. 


2.2 Disconnect Switch 


The equipment builder shall furnish and mount 
a NEMA Type “A” manually operated, non- 
fusible, motor circuit switch or circuit interrupter capable 
of interrupting the maximum operating overload current 


2.2.1 
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of all the equipment connected to that circuit. This switch 
or circuit interrupter shall disconnect all lines of the power 
circuit to the equipment, and shall be so arranged that it 
may be locked in the “OFF” position. When requested by 
the purchaser, the equipment builder shall furnish a fused 
NEMA Type “A” motor circuit switch, circuit breaker, or 
fused interrupter. 

NOTE (J.1.C. version) The foregoing paragraph 2.2.1 
does not apply to small bench type tools powered by a 
single motor rated less than “4 hp or to welding transform- 
ers and their control circuits. On bench type machines the 
disconnect switch need not be mounted on the machines 
but shall be furnished. 

NOTE: (N.M.T.B.A. version) This paragraph does not 
apply to small bench-type machine tools powered by a 
single motor rated 2 hp or less. 
2.2.1P (N.M.T.B.A. only) On presses when connected 
horsepower exceeds that for which it is practic- 
able to mount the disconnecting means on the press, the 
builder shall supply but not mount the disconnecting 
means. 
2.2.2 On single power source equipment control en- 
closures, the disconnecting means should be 
made a part of the control panel and mechanically or elec- 
trically interlocked, or both, with the control enclosure 
door or doors. Where there is more than one power source, 
additional individual disconnecting means should be pro- 
vided so that all power lines to the equipment may be 
interrupted. All these disconnecting means should be 
mounted inside the enclosures and mechanically or elec- 
trically interlocked, or both with the control enclosure 
doors. The operating handles should be grouped and 
located between three (3) and seven (7) feet from the 
operating floor. 

NOTE: Lighting circuits that are needed when the main 
power circuit is disconnected, shall not be connected to 
the load side of the main disconnecting means. 


E 2.2.2 (F&W) (J.I.C. only) Paragraph 2.2.2 does not 

apply to electric power for resistance welders or 
electric furnaces unless specified; however, it does apply 
to motor control for such apparatus. In any case, where 
there are two or more sources of power to the equipment 
or where there are two or more independent disconnecting 
means not mechanically interlocked with each other, all 
line voltage wiring from each disconnect means shall be 
run in separate conduit and shall not terminate in or pass 
through common enclosures. 

2.3 Protection 
2.3.1 Motor running overload protection shall be pro- 
vided for each motor by overload relays, except 
in the case of short-time rated motors. For short-time 
rated motors, overload relays may be omitted when pro- 
tected against overcurrent (short circuit) in accordance 
with Section 4323 of the National Electrical Code. 
2.3.2 Undervoltage protection shall be provided for 
all motors which might cause damage to the 
industrial equipment or injury to the operator should 
motors start after interruption and return to power. 
2.3.3 Where there is more than one electrically con- 
trolled or operated device on any industrial 
equipment, and where possible damage may be caused by 


114 


the failure of any one device to function properly, the 
circuits shall be arranged with protective interlocks. Where 
practicable, these interlocks shall interrupt all operations, 
provided such interruption does not constitute a hazard 
to the operator or cause damage to the equipment or 
work in process. Where starting or stopping of devices in 
improper sequence can result in a hazard to the operator 
or damage to the equipment or work in process, circuits 
shall be so arranged as to insure the proper sequence 
starting and stopping of such devices. For set-up purposes, 
manual means, preferably by push buttons, shall be pro- 
vided to perform individual functions. The above provi- 
sions for safe operation shall be effective, and shall in- 
clude the following where applicable (J.I.C. only): 


(A) Reversing Starters Interlocked. All reversing starters, 
contactors controlling solenoids mechanically connected, 
and contactors controlling opposing motions, shall be 
protected from concurrent energization. 


(B) Plugging Circuits. All plugging switches, or zero 
speed switches, used to control the application or re- 
moval of power in order that moving parts may be 
slowed down, stopped, or reversed, shall be provided 
with features incorporated in the control circuit to pre- 
vent the reapplication of power after the completion of 
the plugging operation and to prevent the application of 
power through any manual movement of the plugging 
switch shaft, or of the motor or equipment. 


(C) “Stop” by De-energization. “Stop” functions shall be 
initiated through de-energization rather than energiza- 
tion operations of control devices where possible. 


(D) Movement Initiation by Limit Switches. Control cir- 
cuits shall be designed so that movement of any part of 
the industrial equipment cannot be initiated, when the 
equipment is not in its cycle, by the actuation of any 
limit switch, unless the equipment control is: 


set for “automatic” operation, 

. the “automatic” control circuit is of the holding-circuit 
type and is energized, and 

3. these conditions are indicated by suitable pilot lights. 


Ne 


(E) Covers and Doors Interlocked. Hinged or sliding ac- 
cess doors to compartments containing belts, gears or 
other moving parts which may cause injury to personnel 
shall be interlocked through limit switches or other 
means, to prevent equipment from operating when doors 
are not closed. 


(F) Jog (or “inch”) Circuits. “Jog” (or “inch”) circuits 
shall be so designed that the prevention of “run” (or 
“automatic”) operation during jogging shall be inherent. 


(G) Two-Hand Trip. Two trip buttons shall be provided 
for each operator where pinch points or other movement 
hazards are exposed to operating personnel. The circuits 
shall require maintained depression of each button 
throughout the cycle or until a point is reached in the 
cycle where the hazard ceases. Each pair of buttons shall 
be so located and guarded that operation by means other 
than the two hands of the operator is prevented. The 
circuit shall be so designed and wired that the equipment 
cannot be operated unless both trip buttons at each sta- 
tion are released between successive operations. 


(H) “Non-Repeat” Operation. On equipment where con- 
tinuous consecutive cycles of operation of the equipment 
are not a normal or a desired operation, the circuit shall 
be so arranged that such operation cannot be obtained 
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by the use of any button or control means available to 
the equipment operator. Specifically, continuous consecu- 
tive cycles shall not result even though the “cycle start” 
button is held continuously in the “start” position. 


(I) More Than One Cycle Start Station. On mass-produc- 
tion industrial equipment, wherever there is more than 
one cycle “start” station provided, all “start” buttons shall 
be concurrently depressed to initiate the cycle, and re- 
leased between successive operations, unless interlocking 
is provided to require either (1) the use of one station at 
a time, or (2) the initiation of the cycle by depressing 
buttons in a specified sequence. 


(J) Spindle Drives Interlocked with Feed. Suitable inter- 
locking should be provided to insure that spindle drive 
contactors are energized before spindles are driven into 
work, while in the “automatic” cycle. 


(K) Additional Contactor for Switching Major Control 
Circuit Loads. The auxiliary contact on any starter or 
contactor shall not be used in excess of its rating for car- 
rying major control circuit loads. Instead, an additional 
contactor shall be used for this purpose. 


(L) Valves for Clamping Operations. Hydraulically and 
pneumatically actuated clamps shall be controlled by two- 
position, double-solenoid-operated 4-way valves. The 
clamp solenoid is to be maintained energized throughout 
the clamping cycle. 


(M) Valves for Indexing Mechanisms. Hydraulic indexing 
mechanisms shall be controlled by 3-position spring-cen- 
tered double-solenoid-operated 4-way valves. Pneumatic 
indexing mechanisms shall be controlled by two single- 
solenoid spring-offset 3-way valves. 


(N) Limit Switch Interlocking. Where necessary, limit 
switches should be interlocked by the use of both the 
normally-open and the normally-closed contacts to pre- 
vent damage caused by the sticking of the switch in the 
tripped position. 


(O) Indexing Interlocked with Full Depth Operation. 
Interlocking shall be provided on indexing equipment, so 
that each head must reach the full limit of its machining 
operation and return to its starting position before index- 
ing for the next cycle can occur. 


(P) Independent Return of Drill, Tap and Reamer Heads. 
Each head unit shall return to its starting position upon 


the completion of its feed cycle independently of other 
units. 


(Q) Changing from Rapid Traverse to Feed. Hydraulically 
actuated heads shall not require an energizing operation 
to change from rapid traverse to feed rate. 


(R) One Master Station for Motor Starting. There shall 
be only one master station effective at any one time for 
starting all motors concurrently. However, multiple stop 
buttons may be used as required. 


(S) Over-speed Protection for D.C. Motors. Shunt-wound 
d-c motors shall be equipped with overspeed or field 
loss protection to prevent the motor from “running away” 


in the event of field failure when it is possible to “run 
away.” 


(T) Sequence Control by Pressure Switches. Pressure 
switches should not be used alone to determine sequence 
of operation. 


2.3.5 = (J.1.C. only) Where 115 volts is the only power 
supply to the equipment, a fused disconnect 
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switch or circuit breaker of suitable size shall be installed. 


2.4 Motor Branch Circuit Overcurrent 
Protection 

2.4.1 One Branch Circuit. The conductors supplying 
several motors on a single machine tool may be 
considered a single branch circuit, which must comply 
with the provisions for motor branch circuits in Article 
430 of the N. E. Code as modified in Article 670 of the 
N. E. Code, except as specified in Paragraph 2.4.2. 


E 2.4.2 (J.I.C. version) Several Motors on One Branch 

Circuit. Two or more motors and their control 
equipment connected to a single branch circuit for a piece 
of industrial equipment need not comply with Section 
4343 of the National Electrical Code, if all of the follow- 
ing provisions are complied with: 


(A) Motor Running Protection. Each motor is protected by 
a motor running overload protective device. 


(B) Rating of Overcurrent (short circuit) protection. The 
rating of the overcurrent (short circuit) protective device 
shall not exceed 400 per cent of the current rating of the 
smallest conductor supplying power to any motor in the 
group. The maximum rating of the overcurrent (short 
circuit) protective device for a given wire size shall be 
as follows: 


Wire Size to Motor (Gage) 
I4 12 10 8 6 4 3 


Max. Ampere Rating of Overcurrent Device 
60 80 100 150 200 250 300 350 


to 


The following provisions shall also be complied with: 


1. Several motors, their controller, and conductors be- 
tween controllers and motors shall be grouped so that 
a minimum number of branch circuit overcurrent (short 
circuit) protective devices are required. 
Overcurrent (short circuit) protective devices of a lower 
rating than the maximum allowed in the table above 
shall be used whenever this can be accomplished with- 
out requiring additional overcurrent (short circuit) pro- 
tective devices. 
3. The starting of motors shall be in sequence so that a 
group of motors started simultaneously will not exceed 
an aggregate of 100 hp. 


i) 


(C) Enclosure. The control equipment. «.vercurrent (short 
circuit) protective devices and overload pictective devices 
shall be mounted in an enclosure or compartment com- 
plying in all respects with the provisions of 2.5.2, E 2.5.4, 
2.5.6 and 2.5.7 of these Standards. 

2.4.2 (N.M.T.B.A. version) Several Motors on Onc 
Branch Circuit. Controllers and running over- 
current protective devices for two or more motors con- 
nected to the branch circuit of a single machine tool need 
not comply with Section 4343 of the National Electrical 
Code if all of the following provisions are complied with: 
(A) Motor-Running Protection. Each motor is protected 
by a motor-running overload protective device. 

(B) Rating of Overcurrent Protection. The branch cir- 
cuit has overcurrent protection of a rating equal to that 
specified in Section 4342 of the National Electrical Code 
for the largest motor connected to the circuit plus an 
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amount equal to the sum of the full-load current ratings 
of the other motors on the machine tool connected to the 
same circuit, but in no case larger than 200 amperes at 
250 volts or less; or 100 amperes at 600 volts or less, or as 
revised in the latest revision of the National Electrical 
Code. 

(C)Enclosure. The control equipment, overcurrent (short 
circuit) protective devices and overload protective devices 
shall be mounted in an enclosure or compartment com- 
plying in all respects with the provisions of 2.5.2, 2.5.3, 
2.5.6 and 2.5.7 of these Standards. 

(D) Conductors. The conductors of the branch circuit 
comply with the provisions of paragraph (b) of Section 
4343 of the National Electrical Code. 


2.5 Control Panel Enclosures and 
Compartments 


(A) For the purpose of these Standards, the 
word “enclosure” means the metal housing for 
the control panel, whether mounted on the equipment, 
or separately mounted. 

(B) A “compartment” is a space within the base, frame, 
or column of the industrial equipment. 


2.5.1 


2.5.2 


The control panel shall be enclosed and _ shall 
be mounted in such a manner and position as 
to guard it against oil, coolant, dirt and dust. If the con- 
trol panel is mounted in the base or column of the machine 
tool, it shall be readily accessible; it shall not be consid- 
ered enclosed if the space in which it is mounted is open 
to the floor, the foundation upon which the equipment 
rests, or to other compartments of the equipment which 
are not clean and dry. 

2.5.3 (N.M.T.B.A. only) Enclosures or compartments 
holding a multiple number of control devices shall 
be semi-dust tight (NEMA Type 1A or equal) except for 
resistor, electronic tube, or transformer enclosures requir- 
ing ventilation. In addition there shall be no unfilled holes 
in the enclosure for mounting the enclosures or mounting 
controls within the enclosure. The walls or doors of such 
enclosures or compartments shall be not less than No. 14 
USS gage if of sheet steel, no less than ¥s inch if of cast 
metal, or not less than *42 inch if of malleable iron. 
Compartments for built-in control shall be completely 
isolated from coolant and oil reservoirs and shall be located 
to provide protection from coolant, oil chips and dirt. 
There shall be no openings of any kind between control 
compartments and reservoirs, holding coolant or lubricat- 
ing or hydraulic oils. 

Where conditions permit all control devices normally 
panel mounted for any one machine should be mounted 
in one enclosure instead of in several enclosures or com- 
partments at different locations on the machine. 


E 2.5.4 applies to J.I.C. only. 


E 2.5.4 (A) Enclosures. Enclosures for combination start- 

ers and for special purpose control panels hold- 
ing a multiple number of control devices shall be NEMA 
Type 12, except enclosures housing rheostats, resistors, 
or other heat generating control, which would be defi- 
nitely damaging to the equipment if the enclosures were 
not vented. All control devices for any piece of indus- 
trial equipment shall be mounted in one enclosure in- 
stead of several enclosures at different locations on the 
industrial equipment. When other type enclosures are re- 
quired, purchaser shall specify type. 


116 


(B) Built-In-Control Panel Compartments. Doors and other 
parts of compartments for built-in-control panel compart- 
ments shall be sheet steel not less than 14 USS gage, or 
cast metal not less than ™%4 in, or malleable iron not less 
than '% in. thick. Doors shall not be over 36 in. wide. 
Equipment compartments for built-in-control panels shall 
be completely isolated from coolant and oil reservoirs and 
shall be located to provide protection from coolant, oil, 
chips and dirt. There shall be no openings of any kind 
between control panel compartments and reservoirs hold- 
ing coolant or lubricating or hydraulic oils. 

All control devices normally panel mounted for any piece 
of industrial equipment shall be mounted in one com- 
partment instead of in several compartments at different 
locations on the industrial equipment. 


Description of NEMA Type 12 Enclosure 


A Type 12 enclosure is a non-ventilated enclosure with 
an oil resistant synthetic gasket between the case and the 
cover. The cover is hinged to swing horizontally and is 
held in place with screws, bolts or other suitable fasteners 
which require the use of a tool, such as a screwdriver or 
wrench to release. The fastener parts shall be held in 
place when the door is opened, so that they will not be- 
come lost. There shall be no holes through the enclosure 
for mounting controls within the enclosure and no con- 
duit knockouts or conduit openings. Mounting feet or 
other suitable mounting means shall be provided. 

When this type of enclosure is specified for equipment 
consisting in part of devices which require ventilation 
(electron tubes, resistors, etc.), such devices may be 
mounted in a ventilated portion of the enclosure provided 
that they are capable of operating satisfactorily and with- 
out hazard when so mounted. 


In addition to the Standard NEMA 12 requirements, the 

following features are required: 

1. The oil resistant synthetic gasket between the case and 
cover shall not be less than 14¢ in. in thickness. 

2. Doors shall not be over 36 in. wide. 


NOTE: The equipment builder shall cut only those holes 
required for his conduit, except that there may be one ad- 
ditional hole in the side or bottom for the line entrance 
when testing. Such additional hole in sheet metal enclo- 
sures shall be adequately sealed before shipment. 


E 2.5.4 Furnace and oven equipment shall conform to 

(F) Paragraph E 2.5.4 insofar as practicable. Tem- 
perature control and heating contactors may be mounted 
separately. 


E 2.5.4 Welding controls shall conform to Paragraph 

(W) E 2.5.4, except that the welding current and 
cycle timing controls may be mounted in separate en- 
closures. 
2.5.6 All enclosures or compartments for control pan- 
els shall have hinged covers which swing hori- 
zontally and shall be held closed with screws, bolts, or 
other suitable fasteners which require the use of a tool, 
such as a screwdriver or wrench to remove. Doors on 
compartments shall have suitable gaskets (a metal-to-metal 
contact will not be considered equivalent). Use screws or 
bolts that remain in place when door is opened, so that 
they will not become lost. (See 4.7.1.) 


ELECTRICAL MANUFACTURING 


TOOL BUILDERS ASSOCIATION ELECTRICAL STANDARDS 





2.5.7 


Enclosures or compartments for mounting con- 
trol panels shall provide ample room between 
panel and case for proper maintenance and _ electrical 
clearance. 
2.5.8 Mechanical adjusting means not associated with 
electrical equipment shall not be provided in the 
same enclosure or compartment with motors or controls. 
2.5.9 There shall be no exposed terminals external 
to control enclosures, compartments and junc- 
tion boxes except when such devices are protected by a 
suitable enclosure or compartment conforming to Para- 
graph 4.6.7. 
2.6 Mounting 

2.6.1 Control shall be mounted so as to minimize the 
possibility of damage from floor trucks or other 
moving equipment. It shall be protected against falling or 
splashing liquids. Minimum distance from bottom of panel 
to floor, and height and width of door opening shall be 
adequate for servicing. Panel shall not be set to such depth 


from door frame or other projecting portion of machine 
as to interfere with inspection and servicing. 


Electrical equipment should be kept above the base line 
of the machine as much as practicable and made as ac- 
cessible as possible. The following recommendations are 
included as minimum specifications for best accessibility 
and should be exceeded insofar as practicable: 


All terminals and parts of devices normally serviced or 
inspected on control equipment should be mounted not 
less than 8 in. above the floor line of the machine. The 
width and height of the panel should be at least 1 inch 
less than the corresponding width and height of the door 
opening. The depth of the control compartment should be 
a minimum consistent with the maximum depth of the 
control devices plus the required electrical clearances. No 
portion of the machine immediately above the door open- 
ing and less than 6 ft. from the floor should project more 
than 6 in. beyond the door frame. 


E 2.6.2 (J.1.C. only) When enclosure is mounted on the 

machine, the bottom of the enclosure shall be 
two feet or more above the floor. When _ separately 
mounted, the purchaser will mount enclosure at desired 
height. If the control panel is mounted in a compartment, 
the bottom of the panel shall be two feet or more above 
the floor. 


2.6.3 


Control panels, enclosures and equipment shall 
not be mounted in a position that will interfere 
with machine adjustments or maintenance of hydraulic or 
mechanical equipment, or vice versa. 

2.6.4 All control equipment, such as: limit switches, 
brakes, solenoids, push button stations, etc., shall 
be mounted rigidly, in a readily accessible and reason- 
ably dry and clean location, and free from possibility of 
accidental operation by normal movement of machine or 
operator. It shall be protected so that it cannot be oper- 
ated by accident and with enough clearance from sur- 
rounding surfaces as to make removal and replacement 
easily possible. All limit switches shall be installed, so 
that accidental overtravel will not damage them. Solenoids 
shall not be submerged in oil. 
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2.6.5 Manually operated control shall be within easy 
reach of operator, and shall be so placed that 
the operator does not have to reach past spindles or other 
moving parts which might cause injury. 

2.6.6 (A) Push button stations are to be dust, moisture 
and oil tight, with metal covers, unless other- 
wise specified, and have treated leather or composition 
diaphragm between operating buttons and switch mech- 
anism. 


(B) Push button stations without diaphragms are accept- 
able, if equally dust, moisture and oil tight. 


(C) All start buttons shall be mounted above or to the left 
of their associated stop buttons. This does not apply to 
start buttons in series, such as operating buttons on punch 
presses. 


(D) All push buttons shall be mounted so that the button 
movement is in a horizontal plane and readily accessible. 


(E) Emergency stop push buttons shall be of the palm or 
mushroom type, unless otherwise specified. The following 
color coding, in addition to clearly legible nameplate, is 
preferred for the following operations: 

Emergency stop ............ red 

NE hk oad ak ke OAR vellow 


(F) The above specifications do not apply to pendant sta- 
tions, which may be ventilated and may have emergency 
stop handle at the bottom. 


(G) Palm or mushroom type buttons shall not be used in 
start circuits unless two or more are connected in series 
and so located that they cannot be operated with one 
hand, 


2.6.7 = All front-of-board mounted starters, contactors 

and other control devices shall be mounted on 
a rigid panel in such a manner that the complete control 
panel can be removed through enclosure opening. Each 
device in turn shall be mounted with machine screws with 
American National form of thread so any unit can be 
replaced without removing the panel. 


E 2.6.8 (J.I.C. version) When barriers between metal en- 
closures or compartments and arcing parts of 
control are required, they shall be of insulating materials 
which will not readily carbonize. 
Exposed non-arcing current-carrying parts within the en- 
closure or comnartment shall have an air space between 
them and the uninsulated walls of the enclosure or com- 
partment, including the conduit fittings, of at least 42 in. 
for 250 volts or less and at least 1 in. for volts in excess 
of 250, but not to exceed 600 volts. 
2.6.8 (N.M.T.B.A. version) When barriers between 
metal enclosures or compartments and arcing 
parts of control are required, they shall be of insulating 
materials which will not readily carbonize. Exposed non- 
arcing current- carrying parts within the enclosure or com- 
partment shall have an air space between them and the 
uninsulated walls of the enclosure or compartment, in- 
cluding the conduit fittings, of at least 42 inch for 600 
volts or less. 
2.6.9 (Recommended Practice) Any device or devices 
mounted on the control panel carrying line volt- 
age or a combination of line voltage and control voltage, 
shall be grouped above or to the side and segregated from 
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devices which carry only the control voltage. This need 
not apply when the line voltage is 115 volts. In no case 
shall any device be mounted above the disconnecting 
means. 


2.7 Panel Wiring 


2.7.1 All panel wiring shall be done in a neat and 
workmanlike manner. 
2.7.2 Panel wires shall be of suitable size and shall 


be supported mechanically where necessary to 
keep them in place. 
2.7.3 = All terminals on terminal blocks shall be plainly 
marked to correspond with the markings on the 
electrical diagrams. 


2.7.4 Multiple device control panels shall be equipped 
with terminal boards for all outgoing control 

wires. 

2.7.5 All control devices shall be front-connected ex- 


cept such direct current and large alternating 
current equipment as is not commercially available for 
front connection. For back-connected equipment, back 
compartment doors or swingout penels which swing hori- 
zontally, shall be furnished. 
2.7.6 After entering the control enclosure, the incom- 
ing power line conductors shall terminate on the 
line side of the disconnecting means with no connection 
to terminal blocks or other devices ahead of the discon- 
necting means. 


2.8 Type of Control 
2.8.1 Unless the purchaser specifies otherwise, or un- 
less the industrial equipment requires limited 
accelerating torque, across-the-line starting shall be em- 
ployed for alternating current motors. 
2.8.2 All disconnecting devices and alternating cur- 
rent motor starters shal] open all of the power 
conductors leading to associated motors. 
2.8.3 All polyphase contro] apparatus shall be in ac- 
cordance with American Standard for Indus- 
trial Control C19.1 for 600-volt service, regardless of 
voltages applied (see par. E 2.1.2). This does not apply 
to fuses, indicating or work lights, or special apparatus 
referred to in paragraph 4.5.3. 
2.8.4 All control contacts operated by slow-moving 
mechanisms shall be of the quick make and 
break type when used on under-voltage release (two-wire) 
circuits. This does not apply to push buttons or selector 
switches. 
2.8.5 (A) Terminals shall be provided on or adjacent 
to all contro] devices mounted in the control 
enclosure. 
(B) All coils, when applied at their continuous rating on 
single coil devices, shall be marked with voltage, fre- 
quency, ordering number, and maker’s name or trade 
mark. On direct current, “D.C.” shall be marked as the 
frequency. Special coils shall be marked with ordering 
number and maker’s name or trade mark. 
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(C) (Recommended Practice) Electrically energized de- 
vices located external to the control enclosure such as: 
motor brakes, clutches, solenoids and other coil operated 
devices, shall incorporate an enclosure for connection pur- 
poses. Coils shall not have lug type terminals. The coils 
shall have leads of sufficient length equipped with pressure 
connectors. The splice shall be bolted and taped. 

2.8.6 Where machine operation requires a magnetic 
starter to repeatedly open stalled motor current, 
such as plug-stop or such as jogging (inching) duty re- 
quiring continuous operation at a rate in excess of 5 per 
minute, the starter used shall be in accord with the fol- 
lowing table: 

Horsepower Rating 





Size Nos. 220 V, three phase 440-550 V, three phase 
00 's maximum lo maximum 
0 l ’ 1 = 
l 3 - > 
2 10 15 
2 20 oe 30 
4 30 ; 60 
2 75 rr 150 
6 150 e 300 
3. MOTORS 
3.1 Standards 
3.0.1 Motors shall conform to requirements of the 


American Standards for Rotating Electrical 
Machinery, C50 and American Standard Terminal Mark- 
ings for Electrical Apparatus C6.1, and to the NEMA 
Motor and Generator Standards. (See FE 3.2.3.) 

3.2 Type of Motor 
3.2.1 (N.M.T.B.A. only) The type of motor enclosure 
to be used, such as open drip-proof, totally en- 
closed or totally enclosed fan cooled, depends upon the 
conditions of the individual application. Purchaser shall 
specify type of enclosure desired. Otherwise the machine 
tool builder shall determine what is to be furnished. Be- 
fore quoting, vendor must ascertain purchaser's available 
power supply data. All single-speed integral horsepower 
squirrel-cage motors, frame 445 or smaller, but not larger 
than 75 hp totally enclosed fan-cooled, or 100 hp open 
are to be dual voltage 220/440 volt unless other voltage 
is specified. Where polyphase power is available, alter- 
nating current motors ¥4 hp and larger should be poly- 
phase. 


E 3.2.2 (J.1.C. only) All A.C. motors up to and including 
5 hp are to be totally enclosed, anti-friction bear- 
ing, with fan cooling optional. Motors over 5 hp up to and 
including 50 hp, 1200 rpm, are to be totally enclosed, 
anti-friction bearing, fan-cooled. Where polyphase power 
is available, motor “4 hp and larger shall be polyphase. 
All integral horsepower A.C. motors, frame 445 or smaller 
but not to exceed 75 hp, except multi-speed motors, shall 
be for 220/440 volts, unless other voltage is specified. 


E 3.2.3 (J.I.C. only) The use of the following shall have 
purchaser's approval in writing: 
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Ring (flange) mounted motors either vertical or horizontal. 

Motors with machined end plates. 

Shaftless motors. 

Gear head motors. 

Double shaft motors. 

Special length shaft motors. 

Any motor not a complete NEMA frame. 

Totally enclosed motors in frame sizes different from the 
NEMA ADOPTED STANDARD fan-cooled frame size 
for a given rating. 

Motors that do not have performance and quality stand- 
ards at least equal to those of NEMA 1940. 

All other than anti-friction bearing motors. 

Other than separate base mounted brakes. 

Multi-speed motors. 

Short-time rated motors. 

Integral horsepower, polyphase, squirrel-cage, induction 

motors that do not conform to NEMA classification design 

A, B, C or D as defined in the NEMA Motor and Gen- 

erator Standards. 


3.3 Mounting of Motors 
3.3.1 Each motor shall be mounted where it is accessi- 
ble for maintenance and is not subject to dam- 
age. All motor driven belts and chains must be easily 
replaceable. 
3.3.2 (N.M.T.B.A. only) The motor mounting ar- 
rangement must be such that all motor holddown 
bolts can be easily removed and replaced and conduit 
boxes easily reached. Except when bearings are perma- 
nently sealed, both bearings on motors must be arranged 
for checking lubricant levels or lubricating. 


E 3.3.3 (J.I.C. only) When a motor is mounted inside of 

_the industrial equipment, the motor compart- 
ment shall be of sufficient size to accommodate a 60-cycle 
motor with conduit box one NEMA frame size (1940 rat- 
ing) larger than the maximum frame size (NEMA 1940 
rating) recommended by the industrial equipment builder 
for driving the equipment. The motor compartment shall 
also be of such size that all motor hold-down bolts can be 
easily removed and replaced and terminal enclosure easily 
reached. Unless the motor compartment follows these 
specifications, the motor shall be mounted on the outside 
of the equipment and space provided for a motor one 
(NEMA 1940 rating) frame size larger than the maximum 
horsepower recommended by the industrial equipment 


builder. 


3.3.4 


Motor compartments shall be clean and dry and 
adequately vented direct to the exterior of the 
equipment. All openings shall be of such height above the 
floor and be protected to such an extent that dirt, chips, 
etc., cannot enter at such times as the floor is swept or 
washed or the equipment is cleaned. Unless other com- 
partments meet the requirements of the motor compart- 
ment, there shall be no openings of any kind between the 
motor compartment and any other compartment of the 
equipment. If a conduit or pipe is run into the motor 
compartment from another compartment not meeting the 
motor compartment requirements, any clearance around 
the conduit or pipe shall be sealed. 

3.3.5 All rigidly-coupled foot mounted motors shall 
be properly aligned and doweled in_ place. 
Motor mounting plate shall be of such dimensions that if 
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height of motor from bottom of foot to centerline of 
shaft is the maximum permitted by NEMA Standard 
dimensions (NEMA 1940 rating), motor can be inserted 
without fitting. Flange mounted motors need not be 
doweled if otherwise positively held in alignment. 


3.4 Balance 


E 3.4.1 (J.I.C. version) Special dynamically balanced mo- 
tors shall be so indicated on the motor and shown 

on the stock list. 

3.4.1 (N.M.T.B.A. version) Static and dynamic bal- 

ance and noise control shall be limited to elimi- 

nation of machine trouble from these sources. Specially 

balanced motors must be so indicated on a nameplate. 


3.5 Motor Nameplates 
3.5.1 Whenever the motor nameplate and/or connec- 
tion diagram nameplates are not visible, a plate 
with duplicate information shall be provided where it can 
be easily read. Plates shall not be removed from motors. 


4. WIRING 


4.0 Wiring on electronic control panels is not cov- 

ered by the following standards, except as spe- 
cifically stated. 

4. Wiring Methods 

4.1.2 Wiring methods here set forth shall be used 
for voltages not exceeding 600 volts. All motors 
and control circuits on industrial equipment shall be given 
a high potential test after all wiring has been completed, 
in accordance with American Standard for Industrial Con- 
trol C19.1 and American Standard for Rotating Electrical 
Machinery C50. 
4.1.3 Current carrying capacities of conductors shall 
not exceed limits specified by the National Elec- 
trical Code. 


E 4.1.4 (J.1.C. only) Power wiring external to the control 
panel shall be large enough for the next larger 
horsepower size motor. 


4.1.5 Taped joints shall be covered with oil resistant 
adhesive tape. 
4.1.6 Underwriters’ Laboratories approved pressure 


connectors shall be used to make connections. 
Soldered type lugs are not acceptable. 
4.1.7. = All sharp edges, burrs, rough surfaces, or threads 
with which the insulation of the wire may come 
in contact shall be removed from conduit fittings, conduit 
raceways, or any other parts. 
4.1.8 | Wires shall run continuously from one piece of 
apparatus to another without any splice in con- 
duit or junction boxes. Multiple control connections shall 


be made on terminal boards which shall be suitably en- 
closed. (See also 4.4.2.) 
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4.1.9 


External wiring shall have a termination on the 
control panel or on a terminal which is readily 
accessible and enclosed in a junction box or push button 
enclosure conforming with 4.6.7. (Exception 2.7.6.) 


4.2 Type of Conductors 


4.2.1 All wiring shall have 600-volt insulation of 
Underwriters-Approved varnished cambric or of 
thermoplastic compound, except under the following con- 
ditions: 
(A) Where subject to oil, coolant, moisture or vapor, the 
use of thermoplastic compound insulation is required. 
(B) Where required by ambient conditions, other insulat- 
ing material may be used. Special insulation shall be used 
for conductors flexed at temperatures below minus 10 C 
(14 F). 
(C) All wiring in and external to panels used on or adja- 
cent to high heat generating equipment such as: furnaces, 
ovens, heat treating equipment, etc., shall have Under- 
writers approved type AVA insulation, unless otherwise 
specified by the purchaser. 


shall not be less than *64 in. thick 
except where it is necessary to use non-metallic 
covered multi-conductor flexible cable. 


Insulation 


4.2.2 


4.2.3. For purposes of these standards, “thermoplastic 
compound insulation” is defined as oil-resisting, 
slow burning synthetic material, such as polyvinyl com- 
pound covered by A.S.T.M. Standards D734-43 T, with a 
maximum operating temperature rating of 80 C (176 F) in 
air, and 60 C (140 F) in the presence of water, oil, or 
coolant, for a single conductor. 

4.2.4 All conductors subject to frequent movement 
shall have extra flexible stranding, with allow- 
ance of sufficient slack to avoid sharp flexing and strain. 


4.2.5 All wiring on 


stranded. 


industrial equipment shall be 


4.2.6 Power and control conductors on or in indus- 
trial equipment shall not be smaller than No. 14 
AWG, except as follows: 

(A) Copper conductors in flexible, non-metallic covered 
multi-conductor contro] cable to continuously moving 
parts may be No. 16 if all such conductors are insulated 
for the maximum voltage of any conductor in the cable. 
(B) Copper conductors to electronic and precision devices, 
not smaller than No. 18 if in conduit, or than No. 20 if 
not in conduit, may be used. 


4.3 Control Wiring 
4.3.1 


The designation “control circuits” means the cir- 
cuits used for the operating control of the indus- 
trial equipment, as destinguished from the circuits used 
for supplying power to motors or devices requiring a con- 
tinuous or inrush volt-amperage of more than 2300. 
4.3.2 The control circuit shall be taken from a source 
on the load side of the main disconnect device, 
except when the purchaser approves the provision of a 
separate control circuit disconnect device, in which case 
the control circuit may be taken from the line side. 


E 4.3.2 (J.I.C. only) The provisions of Paragraph 4.3.2. 
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(W) do not apply in the case of welding transformers 
and their control circuits. 


4.4 Identification of Wires 


4.4.1 


All wires shall be identified at each termination 

by marking with a number to correspond with 

the diagrams. The color coding scheme between devices 

on the control panel shall be as follows: 

(A) Line and load circuits, 
A-C or D-C Power 

(B) A-C control circuits 


(C) D-C control circuits 


Black or Grey 
Red 
Blue 

Exception: Deviations from this scheme may be made 
on: 

l. internal wiring on 
completely wired; 

2. where AVA insulation is used but 
in the colors required. 

A brown color shall be used to indicate interlock con- 
trol circuits in the panel energized from external sources. 


individual devices purchased 


is not available 


4.4.2 When industrial equipment is so constructed 
that wiring must be disconnected for shipment, 
terminals and wires shall be marked. A marked terminal 
block in an accessible enclosure meeting Paragraph 4.6.7 
shall be provided at the sectional points. Where applicable, 
markings shall be in accordance with American Standard 


Terminal Markings for Electrical Apparatus C6.1. 


4.5 Reduced-Voltage Control Circuits 
4.5.1 


The a-c control voltage shall be 115 volts ob- 
tained from a transformer with an isolated sec- 
ondary winding, and the control circuit shall be protected 
by a fuse or an equivalent over-current protective device 
placed in the transformer secondary circuit. (Approxi- 
mately 95-volt, 50-cycle control circuits may be used to 
supply coils rated at 115 volts, 60 cycles. D-c control 
voltage shall not exceed 250 volts.) 115 volt control shall 
be used on all a-c powered industrial equipment as fol- 
lows: 

(A) All operating coils of magnetic devices should be con- 
nected to one side of the control circuit with provision for 
purchasers grounding of that side of the line at the 
control circuit transformer. 

All contacts should be connected to the other side of 
the line except as follows: Overload relay contacts may 
be connected in the line having provision for grounding, 
if the conductors between such contacts and the coils of 
the magnetic devices do not extend beyond the control 
enclosure. 

(B) (N.M.T.B.A. only) If a lighting circuit is provided, 
one side of the circuit should be grounded. (See National 
Electrical Code, Paragraph 6704; also required by The 
Canadian Standards Association.) 

(C) The wiring diagram should show the location of the 
grounding connection with the notation: “To be grounded 
by purchaser if conditions permit.” 


(D) Where required for safety purposes, both sides of the 
line to operating coils may be broken by control contacts. 


E 4.5.2 (J.1.C. only) Additional control transformer ca- 
pacity of 100 volt-amperes over above current 
requirements, or a separate transformer, shall be provided 
ELECTRICAL MANUFACTURING 
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on control panels. The primary of such transformer shall 
be wound for dual 230/460 voltage, with a single isolated 
secondary of 115 volts. Transformers for use in motor 
starters shall have specifications as stated above except 
that the additional capacity of 100 volt-amperes need not 
be provided. 


E 4.5.2 (J.1.C. only) Paragraph E 4.5.2 will not apply 
(W) to welders. 

4.5.3 Voltages other than 115 volts may be used for 

operating sensitive instruments, electronic tubes, 

or similar devices used in the circuit. 


E 4.5.3 (J.1.C. only) Welding controls shall conform to 
(W) Paragraph E 4.5.3, with the provisions that it 
shall be standard to provide a nominal voltage of 115 volts 
between the terminals provided for circuits to the no-weld 
switch, pressure switch, and the welding cycle initiating 
switch. These circuits must be isolated from the power 
supply. When a low voltage transformer for the pilot cir- 
cuit is specified for operator safety reasons, the secondary 
voltage shall be 24 volts. 
4.5.4 NEMA Size 5, or larger, contactor, or any other 
magnetic device having an inrush (coil current 
measured with the magnet blocked in the rated maximum 
ypen position) exceeding 20 amperes at 115 volts, may be 
energized through relays having the coils fed from the 
control circuit, the contactor or other magnetic device 
being energized from the line voltage. (See 4.3.1) 
4.5.4P (Presses only) For safety reasons it shall be per- 
missible to interrupt coil circuits having an in- 
rush in excess of 20 amperes, but not greater than 30 
amperes, at 115 volts directly by control contacts, pro- 
vided they are designed for such service. 


4.6 Conduit and Raceways 


4.6.1 


Except as modified in the following paragraphs, 
all industrial equipment wiring shall be totally 
enclosed in heavy wall conduit, conduit fittings, junction 
boxes, or sheet metal boxes. 


4.6.2 


Liquid tight flexible metal conduit or non-metal- 
lic extra flexible multi-conductor cable having 
an oil resistant synthetic jacket of industrial quality shall 
be used where necessary to employ flexible connections to 
pendant push button stations. The weight of pendant sta- 
tions shall be supported by means other than the flexible 
conduit or cable. 


4.6.3 Liquid tight flexible conduit and fittings shall 


be used for connections involving small or in- 
frequent movements. Such conduit shall consist of an oil 
resistant, liquid tight jacket or lining in combination with 
flexible metal reinforcing tubing. Fittings shall be metal 
and shall not separate from the conduit under tests as 
prescribed by the Underwriters’ Laboratories for flexible 
conduit. The metal reinforcing tubing shall make good 
electrical contact with the fittings. Such conduit shall be 
so installed that liquids will tend to run off the surface 
instead of draining toward the fittings. It shall also be 
used to complete the connection to normally stationary 
motors, limit switches, and other externally mounted de- 
vices for which the length shall not exceed three (3) feet. 
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4.6.4 Wiring connection to continuously moving parts 
of industrial equipment shall be of approved 
type oil-resistant extra flexible, non-metallic covered, multi- 
conductor cable of industrial type; or liquid-tight flexible 
conduit, with extra-flexible conductors. Flexible cable and 
conduit shall have vertical connections and shall have suf- 
ficient slack to avoid sharp flexing and straining. Horizontal 
connections are acceptable only if flexible cable or conduit 
is adequately supported. 

4.6.5 Compartments or raceways within the column 
or base of industrial equipment may be used to 
enclose* conductors provided the compartment or raceway 
is isolated from coolant and oil reservoirs, is entirely en- 
closed, and conforms to the National Electrical Code. Con- 
ductors run in enclosed compartments and raceways with- 
in the base or column of a machine tool shall be secured 
and so arranged that they will not be subject to mechanical 
damage or abrasion. General-purpose flexible conduit may 
be used as additional protection in compartments and race- 
ways if fastened at each end to a junction box. 

4.6.6 When wires are adjacent to moving parts, the 
construction and the conductor supporting means 
shall be such that there will be a space of at least one 
inch between any moving parts and the conductors under 
all conditions of operation, or barriers shall be provided 
between the conductors and the moving parts. 

4.6.7. (A) Junction boxes shall not have extra conduit 
knockouts, and shall be provided with gasketed 
covers. All junction boxes shall be oi] and water splash 
proof. 

(B) Mounting means external to the junction compartment 
shall be provided (Recommended Practice.) 

4.6.8 All conduits shall be securely held in place and 
supported at each end. Where threadless fittings 
must be used due to difficulty in assembly, conduit must 
be so fastened to the machine that it cannot be accidentally 
pulled out of the fittings. 


4.6.9 


Armored cable shall not be used. Conduit from 
non-vapor-tight enclosures to vapor-tight en- 
closures shall be properly sealed by the use of approved- 
type fittings designed for the purpose, but in no case in 
motor terminal boxes. 


4.6.10 Unless structural difficulties prevent, fittings shall 
be threaded and shall have strength comparable 
to that of the conduit. 


4.6.11 


Motor terminal boxes shall not be used as gen- 
eral purpose junction boxes for wiring to sole- 
noid valves, limit switches, etc. Terminals from motor 
brakes may be connected in the motor terminal box if the 
brake is connected directly to the motor leads and has no 
other connections. 


4.6.12 Exterior horizontal raceways may be used when 
rigidly supported above and clear of all operat- 
ing or contaminating portions of the industrial equipment. 
Such raceways shall include the following: 

(A) Metal thickness shall be a minimum of 0.075 in. (No. 
14 MS gage). 

(B) Covers shall be on top of raceway and shaped so as 
to overlap sides. Covers shall be attached to raceway by 
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TYPICAL GRAPHICAL SYMBOLS FOR ELECTRICAL DIAGRAMS 
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CHART I (Cont.) 


TYPICAL GRAPHICAL SYMBOLS FOR ELECTRICAL DIAGRAMS 
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hinges and held closed by means of screws or other suit- 
able fasteners. Gaskets for covers shall conform to Para- 
graph 4.7.1. 

(C) If raceway is furnished in sections, the joints between 
sections shall fit tightly, including covers. 

(D) Only such openings as are required for wiring the 
equipment shall be provided. Raceways with unused 
knockouts will not be acceptable. 

(E) Corners, bends, edges, etc., shall have all burrs re- 
moved in accordance wth 4.1.7. Additional protection shall 
be provided for conductor insulation at drop points. Such 
protection may consist of fibre, plastic or other material 
covering the edge or corner with sufficient radius to pre- 
vent piercing of insulation. 


E 4.6.12 (J.I.C. only) Paragraph 4.6.12 does not apply to 


(W) welders, welding equipment or welding ma- 
chines. 
4.7 Gaskets 
“7.3 All covers of electrical enclosures and devices 


shall have gaskets of an oil-resistant synthetic 
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material, at least 46 in. thick, which shall be firmly at- 
tached to the cover or case. 


5. GROUNDING 

5.1 Stationary Equipment 
5.1.1 = All control cabinets, motors, metal conduits, and 
control stations and other devices where there is 
a possibility of contact with current-carrying parts shall be 
grounded. Grounding by attaching the device to the equip- 
ment with bolts or other approved means shall be con- 
sidered satisfactory if all paint and dirt are removed from 
joint surfaces. 
5.1.2 Where enclosures of controls or other electrical 
devices are not mounted on the equipment, they 
shall be grounded by the purchaser. 
5.1.3. Exposed, grounded control circuits may be used 
where the low voltage does not exceed 30 volts 
and where the low voltage is isolated from the power sup- 
ply by a two-winding transformer. A complete descrip- 
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Addenda to J.1.C. Electrical Standards. (Left) Example of an elementary (wiring) diagram as described in para- 
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graph 1.41. (Right) Example of a wiring diagram conforming to paragraph 1.3.1. 
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tion of the circuit and the reason for its application must 
be presented to and permission obtained from the pur- 
chaser in writing before such circuit is used. 


5.2 Portable and Pendant Equipment 


§.2.1 All portable accessories or pendant stations shall 
be grounded to the industrial equipment, so as 
to prevent injury to personnel. 
5.2.3 If multi-conductor cable is used for portable or 
pendant equipment the grounding conductor 
shall be included as one conductor of the cable. Where 
other type of grounding is required, it shall be specified 
on purchase order. 


5.3 Size of Grounding Conductors 
(Renumbered) 


5.3.1. The size of the grounding conductor shall be as 

shown in Table “C.” Column “A” indicates maxi- 
mum capacity in amperes of the automatic overcurrent 
protective device in the circuit ahead of the equipment. If 
rigid conduit is used for grounding, the minimum size shall 
be 42 in. for any condition listed in Table “C.” 


ERR 





PARAGRAPH 1.8.1, as revised, recommends that the 
American Standard Graphical Symbols for Electric 
Power and Control (ASA Z32.3-1946) and the Ameri- 
can Standard Graphical Symbols for Electron Devices 
(ASA Z32.10-1948) be used in wiring and elementary 
diagrams for power and control on industrial machin- 
ery. The symbols in Chart I on the preceding pages 
largely conform to these standards. The symbols for 
switches cannot be found in the above standards, 
but essentially are patterned on the basic symbol for 
a lever switch contact (ASA Z32.12-1947, Basic 
Graphical Symbols for Electric Apparatus, item 1.- 
1323), lever switch contact. 

As originally proposed at the March 18-20, 1953 
JIC conference, only the limit switch symbols were 
shown in pivot form. The graphic forms for vacuum, 
pressure, temperature, etc., actuated switches shown 
above later were proposed at a special meeting held 
on April 2, 1953, in Detroit, sponsored by the National 
Electrical Manufacturers Association and attended by 
interested participants from the user (automotive) 
group. The new proposals answered the users’ needs 
for symbols for electrical contacts on limit switches, 
timers, pressure switches, etc., that differed from the 
standard symbol for relay (or any) contacts, namely 
two parallel lines. At the same time they met the norm, 
set by the NEMA representatives, of fewest deviations 
from ASA and AIEEF standards. 

The symbols illustrated here were later accepted 
by the NEMA Industrial Control Section as suggested 
standards for future design. 

Typical elementary and wiring diagrams (facing 
page) are also included as an addendum to the JIC 
Electrical Standards for guidance in preparing such 
diagrams for review as covered in paragraphs 1.3.1 
and 1.4.1. In the elementary wiring diagram at left, 
the method of locating relay contacts by line refer- 
ence beside relay coil (with underscore for NC con- 
tacts) at right is not part of Par. 1.4.1. defining such 
diagrams but is suggested practice by one user. De- 
scription of sequence of operation for automatic cycle 
and manual control usually appears under the diagram. 
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TABLE “C” 


Column “A” Copper Wire Size 


15 14 or 16+ 
30 14 
60 10 
LOO 8 


+ 16 wire will be permitted only in multi- 
conductor cable. 


E 5.3.1 (J.1.C. only) Paragraph 5.3.1 does not apply in 
(W) the case of welders. 


6. ELECTRICAL ACCESSORIES 

I Ce birsirrincintctecttanepnanmnemnemimninnieninaiiialia 

6.1 Connections to Accessories 

6.1.1 Where an auxiliary device must be removed 
under certain operating conditions, it may be 
connected through a polarized plug and receptacle, pro- 
vided a ground connection is used. In lieu of plug and 
receptacle, connections may be made to a terminal board 
in a junction box provided for the purpose. Purchaser 
shall specify maximum permissible voltage for plugs. 
6.1.3. Plugs and receptacles shall be of locking type to 
prevent accidental disconnections and of a type 
approved for the voltage applied. They shall be provided 
with gaskets to prevent entrance of oil or moisture when 
in operating position, and means should be provided to 
effectively seal the receptacle whenever the plug is re- 
moved, 


6.2 Marking of Devices 

(See also Paragraph 2.8.5) 
6.2.1 = All control and power devices used on industrial 
equipment shall be plainly and permanently 
identified with the same identification as shown on the 
elementary and wiring diagrams. On devices external to 
the control panel, such identification shall be shown on a 
tag, preferably metal, mounted adjacent to (not on) the 
device. (Also, see 1.8.1.) 
6.2.2 Where electrical equipment is removed from its 
original enclosure or where equipment is so 
placed that the manufacturer’s identification plate is not 
readily visible, a duplicate identification plate giving the 
identical information as the original plate shall be perma- 
nently attached to the industrial equipment or enclosure 
and properly identify the items it describes. Identification 
plates shall not be removed from electrical equipment. 


E 7. WELDING TRANSFORMERS 


E. 7.1 Resistance Welding Transformers 


E 7.1.1 (J.1.C. only) Resistance welder transformers shall, 

except when furnished by or specified by the 
purchaser, conform to applicable paragraphs of Index 1.70, 
“Electrical Standards for Resistance Welder Equipment,” 
of the R.W.M.A. Resistance Welding Equipment Stand- 
ards. 


E 7.1.2 (J.1.C only) Welding-Press Type Transformers 

shall conform to the Resistance Welder Manu- 
facturers Association Standards on Type A-1 Welding- 
Press Transformers, Index 1.7.1. 
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Memorandum ou California 


Added To Machine Tool Electrical Standards, January 25, 1954, 


by National Machine Tool Builders’ Association. 


ELECTRICAL INSPECTORS in California are guided by the “Elec- 
trical Safety Orders” issued by the State Department of In- 
dustrial Relations. Copy may be secured from the Printing 
Division, Documents Section, 11th and O Streets, Sacramento 
14, California. (Price $1.03.) All quotations on machine tools 
should state definitely that the equipment will conform to the 
National Machine Tool Builders’ Association’s Machine Tool 
Electrical Standards. 

The large airplane manufacturers in Southern California 
would like to have an “Electrical Stock List” with multi- 
motored machines. Electrical equipment shipped into that 
area is sometimes not known there and repair parts are not 
readily available. This list may be defined as—“a list showing 
quantity, name of maker, type or model of each device used on 
the machine, also the horsepower, frame sizes, types of en- 
closure and speeds of motors and any other information needed 
if replacements are required.” 

The location of operating handles in 2.2.2 should be qual- 
ified. The Electrical Safety Orders (2412G) require that the 
height of the center of the grip of the operating handle in its 
must not be interpreted as permitting connection of lighting 
circuit to the power side of the main disconnecting means. 
Lighting circuits required when the main power circuit is dis- 
connected should be taken from the plant lighting circuit. 

In computing motor overcurrent protection under 2.4.2 (b) 
use the “motor with the largest starting current” rather than as 
stipulated “for the largest motor connected to the circuit.” 
Fully enclosed or fully enclosed fan-cooled motors should be 
provided for machines intended for plane manufacturers, as on 
many installations they are better suited to their shop con- 
ditions. 

Paragraph 3.3.1 requires that each motor shall be mounted 
where it is accessible for maintenance and is not subject to dam- 
age. The airplane manufacturers also want it to be so mounted 
that it can be readily removed and replaced. 

Southern California climate is sometimes very hot. In select- 
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ing wire sizes (4.1.3) especially of power leads, this should 
be borne in mind, as the ambient temperature may exceed 
100 F. The Safety Rules embody the allowable current carry- 
ing capacity of the National Electric Code of 1937. They do 
not apply the correcting factors of Table 1 of the later editions 
of NEC. 

Section 2398 K of the California Electrical Safety Orders 
provides that “self-contained manually-operated control equip- 
ment and all of the manually-operated parts of other control 
equipment, shall be enclosed and shall be arranged to be 
operated from the outside of the enclosing case.” This permits 
an external button to reset overloads, which N.M.T.B.A. does 
not regard as good practice. If an overload trips, an authorized 
person should investigate before overload is reset. An auto- 
matic reset meets the Electrical Safety Rules and N.M.T.B.A. 
considers this good practice. If there is a single disconnecting 
device (a motor circuit switch, a circuit interrupter or cir- 
cuit breaker) and it is mechanically interlocked with the doot 
of the compartment or enclosing case, an internal (manual) 
overload reset is acceptable to the California authorities pro- 
vided that the terminals or clips or any other live parts on the 
line side of the disconnecting device are not exposed. 

In 4.6.3, if the flexible conduit is used for connection to 
a device not grounded by attachment to the machine, the 
liquid tight flexible conduit must be of the type with copper 
fill or a ground wire should be installed. (See 2383 D, Elec- 
trical Safety Orders. ) 

Regarding paragraph 4.6.11, motor terminal boxes should 
be of adequate size. Forcing the cover into place may lead to 
grounding a live wire. 

Regarding paragraph 5.1.1, all exposed non-current-carrying 
metal parts of control cabinets, motors, metal conduits, control 
stations and other devices shall be grounded. 

Regarding paragraph 6.1.3 attachment plugs or receptacles 
for use on 300 volts and over must be skirted or so con- 
structed that the prongs are not exposed and the arc will be 
contained, 
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us 


All-Aluminum 


pright Freezer 


Aluminum construction increases corrosion resistance and reduces weight 


of domestic food freezer. Other advantages are easier handling in production 


and transportation, and reduced rejections due to minor damage. 


Robert M. Stanton, Design Engineer 
SuB-ZERO FREEZER Co., INc., Madison, Wis. 


RESISTANCE TO CORROSION and light weight are major 
factors in the design of domestic food freezers if a 
high level of consumer acceptance is to be achieved. 
Metal parts in freezers often corrode, even though 
they are nominally protected, and leave unsightly 
marks on both inside and outside surfaces of the 
cabinet. Also, the usefulness of food freezers is re- 
lated to their size and of course, large size generally 
means heavy weight and difficult handling. 

In an effort to overcome these problems, the Sub- 
Zero Freezer Company, Inc., of Madison, Wis. makes 
extensive use of aluminum in its current line of do- 
mestic food freezers. Aluminum is used throughout 
the cabinet with the exception of the chrome-plated 
steel trim, the steel base and, of course, the refrig- 
eration unit. The result is a freezer which will 
maintain its good appearance throughout its useful 
life, and which is considerably lighter than its pred- 
ecessors. 

The cabinet is designed so that all the dimensions 
except width are the same in the five models ranging 
in storage capacity from 16 to 32 cu ft. The overall 
height in all models is 72 in. and the depth is 28 in. 
The width of the 16-cu ft model is 34 in. and it 
increases to 63 in. in the 32-cu ft model. This stand- 
ardization permits the same side pieces of the outer 
shell to be used in all models. 

All cabinet parts are made from 18 ga (0.040 in.) 
3S aluminum sheets. Smooth sheets are used for the 
outer shell, and patterned sheet for the inner shell. 
The drawn top and door use the 12H temper (% 
hard). The parts for the outer shell are formed, de- 
greased, anodized, and then assembled. The shell 
is then sprayed with Glidden No. 9225 white synthetic 
enamel and baked to give a hard, smooth finish. The 
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Consumer acceptance is enhanced by free- 


dom from corrosion and reduced. weight. 


Chipped or seratehed enamel does not 
seriously mar surface because aluminum 


underneath remains bright. 














shell is then sealed, the thermal insulation added, and 
the inner tank installed after which the hardware, 
door, and trim are added. Thermal insulation is Fi- 
berglas PF-513, 3%4 Ib density, 4 in. thick. 

The inner shell has the requirement that it must 
be water tight at the bottom to prevent defrost water 
from leaking out, and it should be slightly open in 
the upper portion to allow absorption of any moisture 
in the insulation. The bottom is formed from a single 
sheet notched at the corners with 4-in. flanges bent up. 
These corners are Heliarc welded to make them water 
tight. The upper sections are spot welded so that nar- 
row openings remain in the seams. The shelves are 
fastened to the walls with chrome-plated brass bolts 
which can be removed when necessary. 

The top and door are drawn from 18-ga 3S 12H 
(4% hard) sheet. The depth of draw in the top is 6 in. 
and in the door, 2 in. Only one horizontal dimension 
in the top and in the panels vary with the different 
models. In the five models the length of the top in- 
creases from 34 in. to 50 in. and the width of the 
door remains the same. 

The freezing coils are presently 4s-in. copper tub- 
ing supported by ledges directly beneath each shelf 
as well as at the top and bottom of the inner shell. 


Rear view of cabinet with inner shell ready 


for installation. Four inches of thermal insu- 
lation is used. Back .panel, not shown, is 


removable for servicing. 
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One of the improvements planned for the near future 
is to braze aluminum tubing directly to the patterned 
aluminum shelves. This will increase the thermal flow 
in each shelf and provide more uniform temperatures. 

The use of aluminum has other advantages than 
corrosion resistance and reduced weight, according 
to Sub-Zero engineers. They say that production work- 
ers find the parts light and easy to handle during 
fabrication and assembly. Dealers and distributors 
save considerable amounts on transportation costs. 
Users like the aluminum freezers because of the easily 
handled light weight doors. It has a further advantage 
for users in that when the surface is accidentally 
scratched, the scratches are relatively unobtrusive. 
The aluminum underneath is light in color and does 
not darken with time. 

The patterned sheet used in the inner surfaces, 
shelves, and doors is attractive in appearance, and it 
eliminates rejecting freezers for minor damage to the 
surface. 

Customer acceptance of aluminum construction in 
the freezer has been very good. The Sub-Zero Freezer 
Company first used aluminum in important amounts 
in 1947. Its ready acceptance encouraged increased 
use and the present models are almost completely of 
aluminum. 0 


Inner doors are used to prevent cold air from 
spilling out. Cooling coils are located beneath 
shelf. Patterned sheets are attractive in 
appearance and reduce rejection from minor 
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The outer shell is anodized and assembled, 
as shown above, before it is enameled and 
baked. Only the width varies in five models 
from 16 to 32 eu ft. 
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Must be water tight. 
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Testing 


Toroidal 


Cores 





Two methods of evaluating the performance of toroidal cores from different viewpoints are described here. 


[n one, a readily demountable fixture (permeameter cup) 


forms a single-turn winding which is common to 


the test core and a coupling transformer. The properties of the test core are measurable on the transformer 


winding by means of an oscilloscope. The second method uses easily removable windings of few turns on 


the test core and the voltage-current oscillogram is compared with those of standard cores. 


Permeameter Cup Method 


“ J. Johnson!, Senior Electrical Engineer 
G. J. Maki?, Electrical Engineer 
) & J, Lrv., Santa Barbara, Calif. 


5. 5. — Associate Professor 
UNIVERSITY OF CALIFORNIA, Santa Barbara, Calif. 


Cuaracreristics of toroidal core materials that are 
extensively used in special circuits include rectangu- 
larity of hysteresis loop, initial incremental permea- 
bility, magnetizing force corresponding to the knee 
of the magnetization curve, and the matching of one 
or all such characteristics in sets of cores. Conven- 
tional methods used for the evaluation of these prop- 
erties are generally unsuited for production use. A 
technique is described here which provides rapid 
testing and matching of characteristics with a mini- 
mum of instrumentation and technical] skill. 

The test involves the presentation of the hysteresis 
loop of the test core on an oscilloscope screen without 
the necessity of placing a coil winding on the core. 
It is done in the following manner: The test core is 
placed, together with another core of the same gen- 
eral characteristics, within a permeameter cup. The 
two cores are effectively placed within a common 


Now with Hufford Machine Works, Electronics Division, Los Angeles. 
Now with Santa Barbara Research Center, Santa Barbara. 
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single-turn winding. This, together with suitable wind- 
ings on the working core, provides a voltage propor- 
tional to the magnetic force applied to the test core, 
and a voltage approximately proportional to the flux 
in the test core. These voltages may be applied to 
an oscilloscope to show the hysteresis loop for ob- 
servation. The working core with its two windings is 
called a coupling transformer. 


The arrangement of the permeameter cup and the 
two cores is shown in Fig. 1 and the circuit in Fig. 3. 
The current through the primary winding of the cou- 
pling transformer is proportional to the magnetizing 
force developed in the winding. This magnetizing force 
is of course applied to the test core by close coupling. 
The voltage across resistor R, is a measure of the 
current and the magnetizing force. This is applied to 
the horizontal axis of the oscilloscope. The voltage 
across the capacitor C by the conditions of the test 
is made to be approximately proportional to the mag- 
netic flux density of the test core. This voltage is 
applied to the vertical axis. The resultant pattern shows 
visually the desired magnetic properties of the sample. 


Typical Design Constants. A permeameter cup was 
designed for the measurement of small tape-wound 
toroidal cores. The coupling transformer has a cross- 
sectional area A, 0.132 sq in. and a path length 
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FIG. 1 (Left)—Cross section of permeameter cups showing how it couples test core to coupling trans- 
former core by common single-turn winding. FIG. 2 (Right)—-Permeameter cup ready to receive test core. 
Silver plating and pipe threads are used to assure goo d electrical contact. Standard core has excitation and 
measurement windings. Core characteristics are evaluated from hysteresis loop on oscilloscope screen. 


i 3.75 in. The core material was Supermolloy tape 
0.001 in. thick. The maximum total flux change ob- 
tainable with this core is 11,000 maxwells. The flux 
variation of Supermalloy is from knee to knee on the 
magnetization curve. Thus any test core used in the 
circuit must not have a total flux change exceeding 
11,000 maxwells. For test cores requiring a flux change 
in excess of 11,000 maxwells a larger coupling trans- 
former is used. 

The primary winding of the coupling transformer 
was arbitrarily wound with 1600 turns of No. 31 wire. 
The winding distribution was sufficiently uniform 
around the core and close to the core to make the 
core-to-core leakage reactance less than 0.1 per cent 
of the total primary reactance. The secondary winding 
used in the output circuit was wound with 1600 turns 
of No. 37 wire. The winding turns were chosen such 
that sufficient voltage could be obtained across the 
capacitor C of Fig. 3 to provide adequate vertical 
deflection of the oscilloscope trace for comparative 
measurements. The voltage across the capacitor C 
was kept at a value less than 1 per cent of the in- 
duced voltage in the secondary windings. The de- 
magnetizing effect of the current through the second- 
ary winding was designed to be less than 0.5 per cent 
of the magnetizing force for test core magnetization. 

The permeameter cup fits the coupling transformer 
closely, but provides sufficient volume for including 
test cores with minimum internal waste volume. In- 
ternal, unused volume tends to reduce the coefficient 
of mutual coupling between the test core and cou- 
pling transformer core since the permeameter cup, 
as shown in Fig. 1, is a one-turn winding common to 
both test and coupling transformer core. Figs. 2 and 
4 show the permeameter cup when it is open and 
closed with the coupling transformer in position. Im- 
portant features to be noted are large contact surface 
areas obtained by the pipe thread configuration on 
the outside diameter of the cap and body of cup, and 
the extension of the center post through a long sleeve 
in the center of the cap. The center post is an integral 
part of the cup body and the sleeve is part of the cap. 
The sleeve is serrated vertically in four sections to 
provide a large area, high pressure contact when the 
pipe threaded wing nut is tightened securely. The 
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use of pipe threads ensures tight connections over 
long wear life. The complete permeameter cup was 
made of heavy brass material at least ¥% in. thick which 
had a complete surface silver plate 0.002 in. thick, 
thus providing a 0.004 in. plating on the contact sur- 
faces. Figure 5 is a photograph of the complete test 
circuit used. 

Figure 6 shows oscillograms of hysteresis loops ob- 
tained with the circuit shown in Fig. 3. The two 
hysteresis loops are taken respectively for the cou- 
pling transformer magnetization with permeameter 
cup open and the hysteresis loop of the combined test 
core and coupling transformer core when the _per- 
meameter cup is closed. Note that the magnetization 
energy required for magnetizing the coupling trans- 
former core is a very small part of the combined en- 
ergy. Thus the larger magnetization loop can be 
considered to represent the hysteresis loop for the 
test core. 

Since the test hysteresis loop was obtained without 
the need of winding the test core, the permeameter 
cup method provides a very rapid means of examin- 
ing magnetization characteristics of large quantities 
of cores with a minimum of effort. Sorting and match- 
ing of cores for specific applications can be made in 
a simple and precise manner. Visual representation of 
magnetization curves is provided which allows un- 
skilled personnel to be employed. 

This system is convenient for the design engineer’s 
evaluation of magnetic characteristics of toroidal cores. 
It is of particular importance in circuits which require 
precise balancing of the dynamic characteristics of 
multiple core combinations, such as in circuits using 
magnetic amplifiers. Not only saturation levels and 
field strengths are measured but also specific pecul- 
iarities such as rectangularity of loops, sharpness of 
corners, bulges in loops, ete., are readily apparent. 
Thus peculiar circuit behaviors can be traced to core 
properties. Fig. 7 shows the magnetization hysteresis 
loop for a core having such peculiarities. 

The permeameter cup method can be used generally 
with equal effectiveness for the measurement of pow- 
dered cores and ferrite cores. The Q properties of 
powdered cores have been successfully measured and 
classified for specific applications. 
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Design Theory 


The operation of the permeameter cup method is 
analyzed in the following manner. 

The magnetizing field strength H, for the test core 
is equal to the ratio of the test core magnetic path 
length |, to the coupling transformer magnetic path 
length /,., times the difference of the magnetic field 
strength of the transformer primary H, and the mag- 
netic field strength H, of the coupling transformer 
core. This is expressed mathematically as follows. 

ly 
ren err (1) 


e 


It is assumed that there is perfect coupling between 
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the two cores. This can be nearly obtained by the use 
of a carefully designed permeameter cup. (1)* 

The coupling transformer field strength H, can be 
measured by excitation of the coupling transformer 
when the circuit to the test core is open. Under this 
condition the only appreciable current flow is in the 
primary winding of the coupling transformer. Then 


0.4xN;I, 
H,= 





Permeameter cup open (2 


where N, and I, are the number of turns and current in 
the primary of the coupling transformer. This is very 
small and is considered to be negligible. Also, the 
field strength produced by the primary winding when 
the circuit to the test core is closed is obtained by 
the equation 


H= Permeameter cup closed (3 
( 
Finally the voltage E,.;, applied to the horizontal axis. 
is proportional to the magnetic field strength affecting 
the test core, namely 
Ep, =kH1 
l?R, 
where k - when H. in Eq (1) is negligible. 
lrO.4aN 
In addition to perfect coupling, it is assumed that 
the resistance in the: single-turn circuit coupling the 
two cores is negligible. Consequently any flux change 
%, in the coupling transformer core gives rise to an 
equal flux change 9°, in the test core, or 


B,A:=B.A 


lialic nomerals in parentheses apply to cited references at end ot article 


FIG. 5—Complete test circuit set up for opera- 
tion. Unskilled operators interpret oscillogram 
for desired characteristics in core material. Set 
may be used for tape or powder cores. 
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FIG. 6—Hysteresis loops of typical core materials. Loop in (A) is for 
Deltamax and in (B) for Supermalloy. Narrow vertical loops are for 


standard core with permeameter cup open. 


where B, and B, are flux densities in the test core and 
coupling transformer respectively, and 


where A,/A,; is the ratio of the cross-sectional areas in 
the two cores. 

A winding linking either the test or coupling trans- 
former core will have a voltage induced in it which is 
proportional to the rate of change of flux in the core. 
If the flux change in the coupling transformer core 
is equal to the flux change in the test core, the voltage 
induced in a winding around the coupling transformer 
core will be the same as that which would be induced 
if the winding were wound on the test core. For con- 
venience in operation, this winding is placed on the 
standard core. 

It is well known that the voltage E induced in a coil 
is determined by 


dg 
E=N—x1078 6 
dt 
dl 
where N is the number of winding turns, is the 
lt 


time rate of change of flux in the core, and E is in volts. 
This equation can be written in the form 


108 
¢=— fe dt (7 
Nv 


where in the integration the initial condition is as- 
sumed to be 6 = O att = 0. 
Eq (7) can be expressed as 


Eavel =No X 10-8 
The flux ¢ at any time t then becomes 
Bavel X108 


N 


Qo = 
Eq (8) defines an explicit relationship between the 
flux “ and the corresponding average induced volt- 


age Eure. 
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FIG. 7—Hysteresis loop of material 
having peculiar characteristics. These 
are readily discernible by operator. 


Next the means of integrating the instantaneous 
induced voltage by the use of an RC network is de- 
veloped. The voltage E applied across a resistance and 
capacitance in series is given by 


> 


where i is the instantaneous current in amperes, R is 
resistance in ohms, and C is capacitance in farads. It 


can be seen that if the term { i dt is made small 


Cc 
in magnitude in comparison with the magnitude 
of iR, then the equation is approximately E = iR. 
In such a case i is proportional to E, where the con- 


stant of proportionality is —. If these conditions are 


R 


satisfied, then the voltage across the condenser C can 


be written as 
, 4 
E,= | E dt 9 
RC 


where E is the instantaneous induced voltage in the 
coil. Thus Eq (9) relates a voltage E, to the integral 
of the induced voltage. As Eqs (7) and (9) both 
provide expressions for f E dt, then the following 
equality can be obtained, 


RC x 10° 
o=k E., where k =— 10 
N 

In conclusion, Eq (4) shows that the voltage across 
R, is proportional to the field strength H; applied to 
the test core, assuming negligible field energy required 
to magnetize the coupling transformer core and also 
perfect coupling between the test core and coupling 
transformer. Eq (10) shows the linearity which exists 
between voltage across the condenser and total flux 
in the test core if the condenser voltage E, is negligi- 
ble in comparison to Erg» and the induced voltage E 
and if there is a mutual coupling coefficient approach- 
ing unity between the test core and coupling trans- 

former. (For second method, turn the page. ) 
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Oscillogram Comparison 


J. R. Judkins and J. D. Patrick 
NavaL ORDNANCE PLANT, Indianapolis, Ind. 


BECAUSE THE OUTPUT vs input transfer characteristic 
of a magnetic amplifier approximates the shape of 
the hysteresis loop of the core material used (3), 
certain characteristics of the core material used in 
such amplifiers may be evaluated by a critical exami- 
nation of the hysteresis loop. 

Four desirable core qualities must be evaluated for 
use in high gain, self-saturating magnetic amplifiers. 
A high value of maximum flux density B,, is necessary 
to give the magnetic amplifier a wide operating range. 
A high value of maximum permeability gives a steep 
transfer slope and, correspondingly, a high gain am- 
plifier. A further desirable core feature for magnetic 
amplifiers is a low value of coercive force H,. It is 
usually desirable to bias a magnetic amplifier in order 
that the transfer characteristic pass through the origin. 
A low value of H, means a low value of bias ampere- 
turns to shift the transfer curve properly. Lastly, a 
high ratio of residual flux density to maximum flux 
density, B,/B,,, increases the linear operating range of 
the amplifier, as well as giving each core a well defined 
firing angle. This is very desirable in the usual case of 
multi-core amplifiers. 

In addition to these qualities, the cores must be 
matched before satisfactory performance can be ex- 
pected. It is important that a method be used that 
will yield satisfactorily matched cores, and yet be 
practical from a production standpoint. Since the cores 
are to be subjected to a combination of a-c and d-c 
excitation, a method in which both conditions are 
considered is used. 

The general characteristics of the material become 
apparent with a glance at the flux-current loop of 
Fig. 1 (a). With the exception of the flux density, 
however, the loop does not readily lend itself to ac- 
curate measurement or visual comparison since small 
differences between cores are not easily recognized. 
A more practical oscilloscopic presentation is the 
voltage-current loop shown in Fig. 1 (b). The circuit 
arrangement used to obtain this loop is shown in 
Fig. 2. The resistor R in Fig. 2 is made large enough 
to insure a sinusoidal exciting current. Voltage e fed 
to the vertical input is proportional at any instan- 
taneous value of primary current, to the rate of change 
of flux at that value of current. This is based on the 
following well known equations. 


dg 
€ =f; ) \ 1 ) 
dt 


de = fo(di) (2) 
As a result, by presenting a picture of the changing 
flux conditions rather than a picture of the flux itself, 
a greater sensitivity is obtained. 
Differential permeability p», is defined as 
dB d@ 


dH di 
This is an expression of the slope of the flux-current 
loop at any point. Since the slope of the flux-current 
loop at any point is reflected as a vertical deflection 
in the voltage-current loop, the voltage-current loop 
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illustrates the differential permeability at each in- 
stantaneous value of current. 

The peak permeability will occur when the rate of 
change of flux with current is the greatest, and will 
be represented by the peaks of the voltage-current 
loop. The magnitude of the peak permeability will be 
indicated by the magnitude of the voltage-current 
loop peak value. 

The coercive force H, is the amount of reversed 
magnetizing force needed to reduce the flux density 
to zero. Its value is represented by that value of mag- 
netizing force where the flux-current loop crosses the 
H axis. It is at this point where the slope of the 
flux-current loop is at its maximum, resulting in corre- 
sponding peaks on the voltage-current loop. The hori- 
zontal distance from peak to peak (or from center to 
peak) is therefore a measure of the H, value of the 
sample. 

No attempt is made to correlate the d-c coercive 
force to the width between peaks of the voltage-cur- 
rent loop. It is reasonable to assume, however, that by 
choosing cores whose a-c coercive force is low, the 
d-c value will be sufficiently low for good magnetic 
amplifier operation. In this discussion, the symbol H, 
denotes an a-c value unless otherwise stated. 

Upon examining the flux-current loop, it is reason- 
able to assume that the slope of the loop at the point 
where it crosses the vertical axis is an indication of 
the B,/B,, value. This slope would be reflected in the 
neck of the voltage-current loop by a vertical deflec- 
tion proportional to the steepness of the slope. There- 
fore, magnetic samples of low B,/B,, values would 
produce a wide neck. Conversely, high B,/B,, sam- 
ples would produce a narrow neck. 

The first operation is to segregate the cores into 
various groups of B,/B,, values. The number of groups 
will naturally depend upon the degree to which the 
cores must be matched. The number of standards 
required will depend upon the number of groups 
desired. In Fig. 3 (a) the gain controls on the oscil- 
loscope have been adjusted until the necks of the 
voltage-current loops appear as horizontal lines and 
the vertical displacement is sufficient for accuracy. 

With the test core image always present, the 
images of the standards A and B are alternately im- 
pressed upon the screen by suitable switching. In 
this case, the test core pattern falls between the pat- 
terns of cores A and B, indicating that the B,/B,, value 
of the test core lies between the known values of 
standards A and B. The other two possibilities (the 
test pattern falling completely outside that of core 
A or completely inside that of core B) would com- 
prise two more B,/B,, groups. However, if core A is 
selected to have the minimum allowable B,/B,,, all 
cores whose trace fell outside the A core pattern would 
be rejected cores, leaving two usable B,/B,, groups. 

After the cores have been matched for B,/B,,, each 
individual B,/B,, group is then given an a-c H, match- 
ing operation. The procedure is much the same as for 
the B,/B,, match, the only exception being the part of 
the voltage-current loop under consideration. 

With the oscilloscope controls adjusted so that the 
portion of the voltage-current loop that is shown in 
Fig. 3 (b) appears on the screen, the horizontal dis- 
placement of the peak of the test core is compared to 
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Electronic 


Test core switch 


| 


i Std core A 
. 
Si Ly 


FIG. 4—Circuit for observing both test and 
standard core oscillograms simultaneously. 
Switches Sw 1 and Sw 2 determine which 
standard core is used. Electronic switch is 
used to apply output voltages to oscilloscope 
in rapid sequence to provide simultaneous 
observation of curves. 





that of the standard cores. In the case shown, the test 
core pip is bounded horizontally by the peaks of 
standards A and B, then both test cores would fall 
into one H, group. The areas to the left of core B or 
to the right of core A comprise two more H,. groups. 
However, if core A is established to have a maximum 
allowable horizontal displacement, then all cores fall- 
ing to the right of core A would be rejected. Any 
number of H, segregations may be made provided 
enough standards are available. 

The last step in the complete matching procedure 
is a peak permeability comparison. At this point, all 
the cores have been subdivided again into B,/B,,—H,. 
groups. Each of these groups are now sub-divided 
again into permeability groups so that, when the 
matching operation is completed, all cores will have 
been segregated into B,/B,,—H,.—permeability groups. 

The method for matching the cores for permeability 
is the same except the curves are matched for vertical 
amplitude of the peak. The oscillogram is shown in 
Fig. 3 (c). It should be noted that the designations 

and B applied to the standard cores are for the 
particular test, and are not necessarily the same for 
all tests. A circuit for the convenient switching of the 
standard cores in and out of the circuit is shown in 
Fig. 4. goog 


Cited References 


1. Permeameter for Alternating Current Measurements at 
Small Magnetizing Forces, G. A. Kelsall. Journal of the 
Optical Society of America, Vol. 8, Feb. 1924, pp. 
329-338. 

2. Dynamic Hysteresis Loop Measuring Equipment, H. W. 

Lord. Electrical Engineering, Vol. 71, No. 6, June 

1952, pp. 518-521. 

Self-Saturation in Magnetic Amplifiers, W. J. Dorn- 

hoefer. AIEE Transactions, Vol. 68, Part II, 1949, pp. 

835-850. 


w 


135 








J. J. Chapman and L. J. Frisco 
Dielectrics Laboratory 

Institute for Cooperative Research 
THe Jonns Hopkins UNIversity 





Dielectric Strength of 


Solid Insulation 





Report on a detailed investigation of 22 materials, both ceramics 


and plastics, at frequencies ranging from 60 cycles to 100 megacycles. 


Results are interpreted in relation to design requirements. 


Test methods and apparatus are described in detail. 


FURTHER PROGRESS (1)* may be reported at this time 
in the study of dielectric strength as a function of 
frequency of the applied electrical stress. Power 
sources of 3 kw capacity or more were used to de- 
velop high voltages covering a range from 60 cycles 
to 100 megacycles. Twenty-two materials were exam- 
ined,- thus representing ceramic types, laminated 
thermosetting plastics, molded thermosetting plastics, 
and rigid thermoplastic resins (see Table I). In all 
cases, the dielectric strength has been reported in the 
direction perpendicular to sheet or disk surface and 
also in the right angle direction; that is, parallel to 
the surtace. It is important to mention that the break- 
downs obtained in the parallel direction were accom- 
plished well below the surface and were not affected 
by surface phenomena. 


Test Procedure and Apparatus 
The present objective of this work is to report mate- 
rial properties so that advantageous design of appa- 


* Italic numerals in parentheses apply to Cited References at end of article. 
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ratus may be accomplished. However, much of our 
effort has been spent in developing test apparatus 
and perfecting the methods of attaching test hardware 
to specimens. These two activities, in themselves. 
were problems in the design of insulating structures. 

Properly attached test hardware insures the attain- 
ment of breakdown level without the compromising 
effects of corona developed at irregular metal con- 
tours. In many ways this resembles the apparatus de- 
sign problem, where normal high electrical stress must 
be maintained without the deleterious effects of 
corona. 

In a previous report (1) some mention was made 
of the methods used to avoid corona when making 
measurements with a %-in. diam high-voltage elec- 
trode and a 2-in. diam ground electrode. Both elec- 
trodes are cylinders about 1 in. high, with a % in. 
radius edge round in the case of the high voltage 
electrode and ‘a % in. radius edge round in the case 
of the ground electrode. It has been a customary 
procedure in most laboratories to test with a pair of 
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34-in. diam electrodes, or a pair of 2-in. diam electrodes 
according to JAN specifications. In this work at fre- 
quencies above 60 cycles, it was practical and ad- 
vantageous, however, to use one small electrode and 
one large electrode. In this way, the capacitance of 
the sample was small, and the larger grounded elec- 
trode made exact alignment unnecessary. Since the 
ground electrode is large and smoothly rounded, no 
corona develops around it to affect the critical region 
of breakdown. The small electrode is at high voltage 
and the following methods are employed in attach- 
ing it to the surface of the specimen, so as to avoid 
corona. 

Method 1. The first step in the elimination of 
corona around the high voltage electrode is the use 
of an immersion medium, such as transformer oil. 
This is done for all tests regardless of the method 
used to attach the electrodes. In Method 1, the elec- 
trodes are placed upon the specimen under the liquid 
surface, so as not to trap air anywhere, and the as- 
sembly is clamped to the high voltage source. Only 
in the case of materials of low dielectric strength is 
this procedure adequate. As indicated in Table I, 
Method 1 was widely used, particularly with '% in. 
laminated materials at high frequency. 

Method 2. This procedure was used with moderately 
strong materials at most frequencies. A pool of resin 
was poured on the sample and confined to a 2-in. 
diam area in the center. The high-voltage electrode 
was placed in the pool and the resin was allowed 
to harden. Usually the hardened fillet was about % 
in. thick. Commercially available “coil dope” was 
most useful for this purpose; it is a liquid of poly- 
stvrene base and hardens to a gelled substance in 
40 hr. Cellulose acetate could also be used on some 
of the moderately strong materials at low frequencies. 
This resin hardened within 2 hr to form a bubbly 
fillet of considerable dielectric strength. 

In general, satisfactory performance of the fillet is 
roughly proportional to the product of dielectric con- 
stant and dielectric strength of the fillet material. A 
further variation was tried; mixtures of coil dope and 
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Table I—Description of Solid 
Dielectric Materials Investigated 


Material | Material 
No. Description code 


Mic a- filled phe malic, eachded MFE 
Asbestos-fabric phenolic, molded MFI 
Asbestos-filled phenolic, molded MFG 
Polytetrafluoroethylene PF 

Polyethylene PE 

Polystyrene PS 

Forsterite ceramic Cer F 
Steatite Cer S 
Dry-process porcelain Cer P 
Glass-bonded mica GBM 


Ordinary glass Glass 


lo Who = 


~: 
~~ 


oS) 


GMG 
GMG 
XXX 
XXX 
XX 
XX 
LE 
= 


Glass-melamine laminate 
Glass-melamine laminate 
Paper-phenolic laminate 
Paper-phenolic laminate 
Paper-phenolic laminate 
Paper-phenolic laminate 
Linen-phenolic laminate 
Canvas-phenolic laminate 
Canvas-phenolic laminate 
Canvas-phenolic-laminate 
Canvas-phenolic laminate 


Glass-silicone laminate | GSG 





titanium dioxide powder were used to form a slurry 
for fillet construction. This material had high dielec- 
tric constant and considerable dielectric strength. It 
was used with some success, but had the disadvantage 
of lowering the Q of tuned circuits. Sulphur may be 
melted to form a good fillet that performs satisfactorily 
for some materials at high frequencies. It has the dis- 
advantage, however, of being chemically reactive 
with some materials. 

The coil dope type of resin fillet is very useful for 
% in. specimens, since it can be applied to a wide 
range of materials and requires no heating for setting 
up. It has the disadvantage of long setup time and 
the necessity of using forms to hold the liquid during 
this period. 

Method 3. This procedure is excellent at 60 cycles 
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and has been employed successfully at 1000 cycles. A 
semiconducting paint known as Rescon is used to 
grade the field near the high voltage electrode. (The 
paint was developed by the General Electric Com- 
pany mainly for 60-cycle applications.) A wide range 
of values of surface resistivity is available; our pre- 
ferred paint at present is Rescon No. 3102 of approxi- 
mately 1 megohm per square. This method is so suc- 
cessful at 60 cycles that it is a convenient addition 
to the high voltage testing of ‘%-in. specimens. The 
paint will air dry to completeness in 40 hr, while at 
100 C, the process is complete in 8 hr. Our preferred 
method is to dry at 50 C overnight. 

The high-voltage %-in. diam electrode is placed 
upon a %-in. diam spot of silver conducting paint on 
the specimen. This silver spot is surrounded by a 
connecting area of Rescon painted surface of roughly 
2% in. diam. Upon the application of high voltage, 
the silver spot assumes the potential of the high volt- 
age electrode and the Rescon film is supplied with 
alternating capacitive current. Since this current 
causes a voltage drop in getting to the extremities 
of the resistive coating, a lower potential prevails at 
the edge of the film. For perfect operation the volt- 
age at the edge of the film should be lower than that 
required for the start of corona in oil. At high fre- 
quency the use of resistive films causes the generation 
of excessive heat and thus compromises the test result. 

Method 4. With polystyrene, polytetrafluoroethy]l- 
ene, polyethylene and glass-silicone laminate, cavi- 
ties were drilled into '%-in. thick material to a depth 
greater than % in. (see Fig. 1). The cavity is of the 
same shape as the *4-in. diam high-voltage electrode 
and is coated with a highly conducting silver paint. 
After the paint has dried, the % in. high-voltage elec- 
trode is coated with DC-4 silicone grease and pushed 
into the cavity. This electrode contacts the paint film 
and the grease eliminates gaseous voids due to sur- 
face irregularities or slight misfit. Polystyrene, poly- 
ethylene and polytetrafluoroethylene are so strong 
dielectrically that the breakdown thickness under the 
%4 in electrode was limited to 4, in. 

Method 5. A volume of polyethylene, 2 in. in diam- 
eter and % in. thick, may be melted on specimens of 
vitreous materials such as ceramics, glass, and glass- 
bonded mica. After allowing this melt to cool and 
harden, the %4-in high-voltage electrode may be forced 
into the center of the polyethylene volume until it 
touches the surface of the specimen; this latter opera- 
tion requires a steady push with a hot iron of blunt 
shape: This method produces excellent results, but 
is limited to materials that are not affected by heating. 


The foregoing discussion of techniques used in at- 
taching metallic hardware to specimens indicates solu- 
tions to similar problems in electrical apparatus de- 
sign. Both in obtaining breakdown data and in de- 
signing apparatus, the aim is to realize the maximum 
material strength without the compromising effects of 
corona around the high-voltage metallic hardware. 
Factors of safety must be allowed in practice and the 
values of breakdown electrical strength (vpm) tabu- 
lated in this report are beyond the conservative values 
to be recommended for apparatus. Nevertheless, 
knowledge of ultimate strength may serve to reduce 
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Table Il—Breakdown Procedure 
for Perpendicular Puncture 
on \¥-in. Dielectric Material, 
Using %4-in. Diam Electrode 


(%4-in. Diam High-Voltage Electrode and 2-in. Diam 
Ground Electrode Methods Used at Specific Frequencies) 





Ma- | Ma- 

terial, terial 60 1 2 4.2 | 9.81) 18 | 100 
No. | code cps | ke mc me), me | me | me 
1 | MFE | 213 | 2,3 2 >. +2 2 l 
2 MFI | 1 l | | l 1 | 
3 MFG | 1 | l l I I | 
\ ro 1 | I 1 | 1 I 
5 PE* | 4 | | | 1 1 1 
6 PS* 1 | | | 1 1 | 
7 |CerF | 5,3 a,3 a a 5 5 1 
BaP hee a] moses face PO le |i Oye] aye 1 
> (CerP) 5.2.3 | 5,2,3 | 5,2 | 5.2 | 5,2 | 5.2 | 
10 «6 | GBM | 5,2,3 | 5,2,3 | 5,2 | 5,2 | 5,2 | 5,2 1 
11 Mass S258 | o.e oe ene | Oye | aso | a2 l 
12 GSG | 4,3 1,3 | \ | | | 
13 GMG | 2,3 = | | 1 l | 
11 GMG | 2,3 > l | I l | 
15 XXX | 2,3 o | I | I | 
16 XXX | 2,3 2,3 | l l l I 
17 XX 2,3 250 | | l | l 
8 \N 2,0 2,3 l l | l l 
19 LI 2.0 2,0 | l I | 1 
20 Ch 2,0 a | | | l | 
2 Cl aie 2,2 | l l l | 
22 C 2,3 2,0 l I | l | 
23 C 2,3 2,0 l l I l I 


*Nominal thickness 1/16-in. under electrode; 1%4-in sheet 
stock used in taprication. 


the size and weight of equipment. It is most essential 
to emphasize that properly shaped and properly at- 
tached hardware are quite often more important than 
great thickness of insulation. Somewhat relevant to 
the discussion at hand, is that all screws, metallic or 
plastic, when attached to solid insulation and_ulti- 
mately used in high-voltage, high-frequency fields, 
should be coated with DC-4 silicone ignition grease. 
Air pockets around the screw are thus eliminated. In 
using the various methods for obtaining breakdown 
data, some material values were verified in more than 
one way. 

In addition to the above methods and the related 
problems of actual design, another subject often 
arouses considerable conjecture. This is the question 
of directional failure and the attendant desire for com- 
parative values of dielectric strength in the perpen- 
dicular and parallel directions. The problem is to ac- 
quire breakdown data in a direction parallel to the 
surface of the specimens, yet not compromised by 
surface phenomena. The puncture path must be paral- 
lel to the surface but well within the volume of the 
material and without any destruction of the surface. 
Fig. 2 illustrates the method. Circular grooves are 
ground, or cut with a special type drill, into ‘%-in. 
material. These grooves are cut from opposite faces of 
the specimen to a depth of approximatel half the 
thickness. The grooved area is painted with conduct- 
ing silver paint. Tubular electrodes are seated and the 
specimen is ready for test. In the drawing, A_illus- 
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FIG. 3—Variation of breakdown strength 
with thickness at 2 me for a paper-base 
phenolic laminate. 


trates the method of assembly for parallel break- 
down. Points a and b on the tubular electrodes be- 
come extremities of the puncture path after assembly 
and test is completed. Actually both grinding and 
cutting lead to something other than a square-edged 
groove. The breakdown path is between silvered sur- 
faces whose edge radius of curvature is about 1%, in.; 
the length of the breakdown path is usually about 
145 in. The rough view shown in B, is the result of 
microscopic examination of a cut section for the pur- 
pose of measuring path length. The breakdown path 
is quite often inclined as much as 30 deg to the 
surface of the specimen, this being the shortest dis- 
tance for the particular geometry involved. Although 
many of the results indicate that some materials have 
different dielectric strengths in the parallel and per- 
pendicular directions, the path viewed under the 
microscope presents no impressive departure from the 
simple geometric consideration. The values of vpm 
strength are obtained by dividing the breakdown volt- 
age by the distance in mils. 

In order to compare this value with the strength 
in the perpendicular direction, a very similar proce- 
dure was followed, as indicated by C. The compari- 
son is made at 1.-in. path length in the perpendicular 
direction. In D, a pictorial representation of the break- 
down process is again given. Considerations from the 
standpoint of comparative distances and comparative 
field shapes are necessary. With many of the mate- 
rials, the value of vpm is a decreasing function of 
thickness. Therefore, the procedure indicated by C 
was used to establish curves illustrating the variation 
of vpm with breakdown path length. Fig. 3 shows the 
magnitude of this effect with a laminated thermo- 
setting material. 

Since the dielectric strength is often a function of 
thickness, the results obtained using this tubular hard- 
ware, with puncture path lengths of 15 in., is some- 
what different from the results obtained using the 
%-in. diam solid electrode and thickness of % in. 

When the tubular electrodes are used for parallel 
and perpendicular breakdown, the overall level of 
voltage throughout the frequency range is lower than 
with the %4-in. diam solid electrode. This is so, because 
the distance is usually % in. in the latter method 
whereas it is only 145 in. in the former. Nevertheless, 
the methods outlined for use in Table II must be ap- 
plied to the tubular electrodes, so as to avoid the 
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FIG. 4—Variation of electrical properties with fre- 
quency of a paper-base phenolic laminate; % in. 
diam electrode, 14 in. thick specimen. 


compromising effects of corona. Method 4, in par- 
ticular, must be used with high-dielectric-strength 
materials and the tubes are sunk into the specimens 
from opposite sides to a distance of “4 in. The annular 
distance between tube edges is 43. in. The specimen 
must be 2 in. thick in such cases. 

The apparatus used to develop breakdown voltages, 
the oil-filled breakdown cells, and the means of meas- 
uring voltage in the vicinity of the specimen has been 
described in other publications. (1, 4) It will suffice 
for the present purposes to enumerate the power 
sources and the type of apparatus involved. 

1. 60 cycles—3-kva high potential transformer. 

2. 1000 cycles to 180,000 cycles—3-kw amplifier, with 

a 1000-cycle Hypersil core transformer, and other 
air-core transformers to cover this range. 


Co 


2 to 18 mc—3-kw Collins transmitter, with tun- 
able high voltage transformers at 2, 4, 9 and 18 
me. 

4, 100 mc—10-kw, RCA, FM transmitter with special 

tunable transformer built into the breakdown cell. 

These major cell assemblies of apparatus, represent- 
ing an ascending order of frequency were each 
housed in separate shielded areas. The 60-cycle area 
was shielded by copper screen fencing, while the 
three higher frequency areas were shielded in sepa- 
rate copper-lined rooms. 

In many respects the development of voltages over 
the range of 1000 cycles to 180,000 cycles proved to 
be the most troublesome area. This was occasioned by 
the fact that high-voltage transformers of several 
kilowatt capacity are not of general industrial use 
in this range of frequency. Likewise, this range of 
frequency is above that of domestic power and below 
that of radio broadcast. Thus, no nucleus of surplus 
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or abandoned industrial gear was available to for- 
mulate our initial efforts. For these reasons, some 
added description is given to this particular assembly 
of apparatus. 

A 8-kw amplifier employing a push-pull class B 
output stage using 833A power triodes with forced 
air cooling was built. For the 40-sec breakdown tests, 
the apparatus could safely be overloaded by 30 per 
cent. The frequency source for the amplifier is a 
Hewlett Packard Model 200C Audio Oscillator. 

At 1000 cycles, the power from the 3-kw amplifier 
is fed into a specially constructed transformer. This 
transformer employs a Westinghouse type C core, 
in which a total air gap of % in. is allowed. The 
primary of this transformer is part of the push-pull 
circuit, with 200 turns either side of center. The sec- 
ondary consists of six coil wafers to total 8000 turns. 

Great care was exercised in selecting the high volt- 
age insulation and the whole assembly was mounted 
in an iron case and impregnated with oil after a dry- 
ing vacuum treatment. The high voltage output 
emerges through a GE 34.5-kv outdoor porcelain 
bushing. Since the bushing rating is conservative for 
indoor use, we have arbitrarily set a 45-kv limit on the 
1000-cycle transformer. 

For tests at 50 ke and 180 ke, the transformers 
were constructed on plastics cylinders 10 in. in diam- 
eter and 30 in. long. The single-layer secondary wind- 
ing for 50 ke consisted of 2000 turns of No. 26 wire, 


Table I1Il—Breakdown Stress of 
Selected Insulating Materials 


(Volts per Mil at Frequencies Indicated 
for %-in. Specimens; All Values are RMS) 


Description of 60 14 150 2 18 100 
material cps ke ke me me me 


Mica-filled phenolic. 
molded 376 1140 96 22 12 
Asbestos-fabric phe- 


nolic, molded iz 15 15 IS. 16.6:| 49 
Asbestos-filled phe- 
nolic, molded 85 15 9) 13:162 |} 48 
Polytetrafluoroethylene*, 566 | 348 | 133 | 130 
Polyethylene * 1338 700 | 336 | 205 | 98 
Polystyrene* 2275 352 | 151 | 100 
Forsterite (ceramic) 29] 169 | 62 | 55 
Steatite (2)7 (160- (76- | (46 (35 
258) | 139) | 66) | 50) 
Dry-process porcelain 246 | 66 | 24! 16 
Glass-bonded mica | 368 82) 45 10 
Ordinary glass 306 74 27 15 
Glass-silicone laminate* | 168 209 7 60 


Glass-melamine lami- 


nate (2) (422- (34- | (13- | dt 
192) 47) | 17) | 14) 
Paper-phenolic lami- (642— (200—| (90— | (22- | (14- |(8,2- 


nate (4) 729) 300) | 140) 30) 18) | 10) 
Linen-phenolic lami- 
nate (2) (284 (18- | (Al— |\(4.7 
| 301) 22) | 16) | 6.1) 
Canvas-phenolic lami- | 
nate (4) (222 | (68- | (13- |(8.3-|G.0- 
319) 100) | 17) | 10) | 5.9) 





*1 /16-in thick, other materials )¢-in. 

+Numerals in parentheses indicate number of manufactur- 
ing sources for specimens. 

Note: This table has been reproduced, in part, from Cited 
Reference (1). 
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while for 180 ke 280 turns of No. 18 wire were nec- 
essary. These transformers employed no core material 
and were air insulated. 

For tests at 14 ke, it was advantageous to make a 
multilayer coil without magnetic core material. In 
order to obtain a high inductance, three wafers con- 
sisting of 10 layers of 100 turns of No. 31 wire were 
used to construct a secondary on a 4%-in. diam plastics 
cylinder. Since the winding space was very compact, 
the electrical stress between layers was very high at 
high voltage output. For this reason, the winding was 
oil immersed. 

The secondary must be tuned in order to obtain 
maximum voltage output at any of the frequencies; 
that is, 1000 cycles, 14 ke, 50 ke or 180 ke. Therefore, 
a motor-operated, oil-filled capacitor is used in each 
case to adjust to maximum output. This capacitor has 
a maximum value of 200 mmf at 45 kv voltage rating. 


Discussion of Results 


Since Table I, in some cases, has more than one 
material of a particular class, the list was regrouped 
in presenting the data of Table III. The puncture 
strength is given at 60 cycles, 2 mc, 18 mc, 100 mec 
and to a limited extent at 14 ke and 150 ke. This same 
sort of data on the same materials was reported 
previously (1) for other frequencies lying between 
60 cycles and 18 mc. The present data blend in nicely 
with the earlier data, although the specimens in some 
cases come from different material lots. This extension 
of the previous work employed the %-in. diam high- 
voltage electrode and the methods cited in Table II. 

Fig. 4 shows the breakdown strength in volts per 
mil as a function of frequency of a paper-phenolic 
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laminate. The extensive dotted region between 600 
cycles and 2 me appeared to be the probable course 
ot the curve at the time of the previous work. In ob- 
taining the data of Table LI, points A, B and C were 
added to this graph, thus indicating more reliably the 
course of the curve in all regions. The meager data of 
Table Il] would hardly satisfy normal curiosity about 
the region between 60 cycles and radio frequency, 
but Tables IV and V involving another type of break- 
down sample give a more complete picture. 

Tables IV and V give a summary of the puncture 
tests in the parallel and perpendicular directions. The 
thickness of insulation involved is 13. in. and about 
40 sec was required to gradually raise the voltage to 
breakdown level. The materials are individually listed 
in Tables IV and V and are described in Table 1. The 
values of breakdown strength cited in these tables 
are generally higher than those of Table III for a 
similar material. In Table II] the puncture thickness 
was considerably greater. It is felt that the hardware 
used in compiling the data of Table II] yielded a 
uniform field. The same may be said of the hardware 
used for the tests reported in Tables IV and V. In the 
latter, the hardware was smaller and trimmed with a 
sharper edge curvature, but the breakdown distances 
were so short that a divergent field pattern was pro- 
hibited. This reasoning was borne out by the fact that 
the parallel, and the counterpart perpendicular tubu- 
lar hardware when set up in either oil or air, held 
uniform field values of voltage level for these media. 

Since Tables IV and V represent our main effort 
in this investigation and also contain considerable 
data in the hitherto speculative region between 1000 
evcles and 150,000 evcles, a few curves are drawn to 
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illustrate the related phenomena. The first of these 
curves, Fig. 5, shows the dielectric strength of poly- 
tetrafluoroethylene as a function of frequency. Some 
difference is evident between the parallel and_per- 
pendicular values of strength, but this difference in 
directional strength is hardly enough to affect the 
design of apparatus. However, the great change of 
strength for either direction as a function of frequency 
proves to be an important design consideration. The 
dielectric constant and dissipation factor are also 
shown as a function of frequency. 

Fig. 6 shows the same properties plotted over a 
range of frequency for glass-silicone laminate, a mate- 
rial that competes with ceramic materials in electrical 
performance, and also has the advantage of being 
easier to handle in construction. Where fabrication of 
parts is the main expense, rather than the quantity 
of material used, it may be used economically in high- 
frequency applications. 

The breakdown characteristics of a glass-melamine 
laminate are shown in Fig. 7. At low frequencies the 
breakdown strength in the perpendicular direction 
proved to be considerably greater than the values in 
the parallel direction. Both the dielectric constant and 
the dissipation factor show considerable change over 
the frequency range. At low frequencies, this mate- 
rial is roughly comparable to the glass-silicone lami- 
nate on the basis of dielectric strength. However, the 
latter is much superior at radio frequency. 

Another laminated material, a paper-phenolic, 
vielded the results shown in Fig. 8. It has excellent 
dielectric strength at low frequency, but is definitely 
not suitable for high stress at radio frequency. 

The character of the failure changes markedly with 














Table IV—Parallel Breakdown of Solid Dielectrics 


(RMS Volts per Mil) 


Material No. | Material code 60 cps 1 ke 14 ke 
l MFE 385 370 360 
2 MFI 50 35 A 
3 MFG 13 at 21 
1 PF 785 630 180 
5 PE 1075 $27 636 
6 PS 1730 1080 530 
‘§ Cer F 589 170 130 
8 Cer S 178 104 226 
9 Cer P 156 136 248 

10 GBM 345 268 244 
Ll Glass 1015 722 555 
12 GSG 315 273 ~oo 
13 GMG 350 270 243 
14 GMG 300 222 212 
15 a 654 157 122 
16 XXX 135 415 255 
17 XX 8418 765 116 
8 XX 804 766 115 
19 LE 173 292 245 
20 CE 500 345 243 
21 CE 397 277 244 
ze te 313 239 183 
23 i; 282 218 200 


Note: Breakdown path approximately 30 mils. 


150 kc 2me 4.2 mc 9.8 mc 18 mc | 100 mc 
310 60 13 36 35 12 
18 1] 10 10 10 5 
18 11 11 1] 10 5 
355 290) 220 168 157 132 
558 335 235 155 148 25 
170 290) 230 150 99 50 
263 186 145 97 85 69 
200 g° 70 56 53 so 
204 68 M4 10 36 20 
167 100 90 75 05 3 
263 87 67 57 57 0 
187 155 130 104 90 72 
153 15 32 28 25 10 
206 54 38 30 30 12 
29() 54 35 22 17 9 
103 25 15 10 9 9 
73 36 24 24 24 12 
178 14 24 22 20 12 
125 33 8 17 15 Z 
27 37 22 17 15 12 
126 38 25 8 17 16 
107 33 19 12 10 10 
116 28 20) 17 17 9 





increasing frequency in the case of phenolic molded 
or laminated composite dielectrics. At low frequencies, 
the puncture path is of thread-like cross-section, while 
at radio frequency the failure is accompanied by a 
bubble-like swelling of the material. Most interesting 
of all is the failure of such materials around 150 ke. 
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FIG. 8—Electrical properties of 


a paper-phenolic laminate. 
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The laminated materials split parallel to the lamina- 
tions with considerable violence in some cases. The 
molded phenolics have no smooth cleavage planes, 
but irregular pieces may be blown from the specimens 
According to Fig. 4, a heat maximum may be ex 
pected in this frequency range. The curve of watts 
per cubic centimeter is a computed curve and repre- 
sents the power being dissipated as heat in the dielec- 
tric at breakdown stress. 


VPM"; 
Watts /em | | i] 
2.54 


where g w/(0.9 4) 
microhms per cm- cube. 

According to this formula and the observed values 
of properties, greater dissipation of heat may occur 
at frequencies above 2 mc. However, the breakdown 
strength does not decrease in relation to heat rise. 
These heat considerations have been a matter of in- 
terest in this laboratory for some time (2) and some 
further experimental checks are planned. 


Loss Factor *« 10°65 


The values of breakdown strength quoted in this 
report are the average of at least four specimens. 
The breakdown strength, in all of the solid dielectrics 
tested, decreased with increasing frequency. In some 
instances, this observation was violated temporarily 
with materials of wide spread. However, upon testing 
enough specimens to obtain an average based on re- 
sults within +10 per cent of a mean value, the de- 
crease with frequency was verified. 

Since the dielectric constant of solid dielectrics only 
changes toward lower values as the frequency is in 
creased, a_ relationship polarization and 
breakdown strength becomes a matter of stronger 
conjecture. 


between 


ELECTRICAL MANUFACTURING 


' 





Table V—Perpendicular Breakdown of Solid Dielectrics 


(RMS Volts per Mil) 


Material No. Material code 60 cps 1 ke 14 ke 
| MFE 27 396 385 
2 MFI 68 13 37 
7 MEG 110 63 38 
4 PE 6418 83 396 
5 PE 1221 910 528 
6 PS 1390 7410 635 
7 Cer F 183 107 100 
8 Cer S 523 27 334 
9 Cer P 232 226 134 

10 GBM 712 613 580 
1] Glass 1532 1158 838 
12 GSG 374 319 309 
13 GMG 640 557 375 
14 GMG 169 100 386 
15 x x 935 710 626 
16 XXX 502 190 157 
17 XX 1206 1067 716 
8 XX 1072 1009 $25 
19 Lk 654 117 383 
20 CE 574 394 300 
21 CE 540 500 100 
22 c 522 119 O14 
23 ( 533 507 100 


Vole: Breakdown path approximately 30 mils. 


Conclusion 


A. From the tables and the associated graphs, a 
considerable factor of safety must be used by a de- 
signer in considering materials of a given class. This 
is necessary from many standpoints. 

1. The commercial hardware for practical reasons 

may ‘not be ideally rounded. The method of at- 
tachment may cause the entrapment of air. 


2. The materials employed in practice may have 
sufficient difference in directional properties as to 
cause some conservative reaction. 

3. The decrease of dielectric strength with increas- 


ing thickness is of paramount importance in the 
application of dielectric material. In lieu of com- 
plete information, the conservative view is apt 
to prevail. 

B. In the interest of design economy, the data shows 

important findings. 

1. Many inexpensive materials give excellent elec- 
trical performance at low frequency and a few 
remain at the top of list at 100 me. 


2. Some expensive materials may be employed 
uniquely to effect economy. 
3. Where it is possible to idealize attached hard- 


ware, the thickness of insulation may be de- 
creased; and, in general, a better performance 
may be expected. 

C. The study of phenomena, in the long run, will 
serve to reduce examples of excessive safety factors 
as well as poor applications of material. As was 
pointed out in a review paper, (3) the effect of the 
polarization merits consideration in the wider fre- 
quency applications of even the more perfect dielec- 
tric materials. 
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150 ke 2 mc 4.2 mc 9.8 me | 18 mec 106 mc 

264 TO 55 50 15 ps 
26 13 12 12 - 
31 14 13 2 11 7 
340 315 245 150 145 145 
319 165 118 138 137 93 
210 85 78 70 65 60 
29() 206 168 143 27 105 
300 80 66 60 58 58 
9] 83 80 74 a 60 
364 207 178 146 121 76 
937 90 65 55 55 20 
214 116 103 94 90 88 
253 85 60 42 38 20 
290) 98 60 14 10 25 
28 100 60 10 30 20 
202 18 30 20 20) 20 
110 73 10 10 30 20 
505 91 50 13 30 20 
143 30 2% 2a 25 15 
158 33 16 12 10 10 
162 32 8 lo 10 10 
162 13 30 95 20 20 
142 15 37 32 30 2) 
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Connectors for Large Flexible 
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FLeExiBILITY of cables is dependent 
on the number of strands in the cable, 
the diameter of the strands, and the 
method of stranding. Three types of 
stranding are generally used: Concen- 
tric, rope-lay, and bunch. 

Concentric-stranded cables (ASTM 
Class A, B, C and D) are made up 
of rows of wires or strands laid in 
successive layers around a common 
axis, left in Fig. 1. These cables gen- 
erally have 7, 19, 37, 61, or 91 strands 
and even up to 271 strands, but are 
not considered flexible. 


stranded cables, middle, 
consist of “ropes” of wire stranded 
in a concentric pattern or in a bunch- 
ed pattern. Rope-stranded cables with 
concentric ropes or members belong 
to ASTM Class G and H, known as the 
Hexible cable 
have 49, 133, 
over-all. 

Rope-lay stranded” cables — with 
bunched members, C, are ASTM Class 
I, K and M. These cables are more 
Hexible than those in Class G and H, 
and constitute the extra-flexible group. 
Some run into thousands of strands. 
Class M is usually known as welding 
cable. 


Rope-lay 


group. They 
259, Ol 197 


usually 
strands 


Bunch-stranded cables are made up 





Fig. 1—Standard concentric cable, left, with 19 strands: rope lay, center, has 


37 ropes with 7 
237 strands each. 


strands per rope; extra flexible, right, has 19 ropes of 





Fig. 2—Pressure connectors may be secured by an indent crimp, left. For 
flexible cable the indent type offers more advantages over the circumferential 


type. 
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Cables 


of many strands that are merely laid 
parailel to each other. They are rep- 
resented by ASTM Class I, J, kK. L, 
M, O, P and Q and are usually used 
in small AWG sizes for flexible cords, 
feeder cords and fixture wires. 

Investigation of terminating meth- 
ods for these Hexible cables showed 
that the compression solderless con- 
nectors desirable. In 
some of the strands were 
often burned off; in soldering capil- 
lary action tended to draw solder up 
the cable making the section rigid. 
For compression terminals, the choice 
was between the indent and circum- 
ferential crimps. Fig. 2. 

The effectiveness of the crimp is 
dependent on the deformation of the 
cable by excluding the air spaces be- 
tween individual strands to bring them 
into contact with each othe: 
and with the walls of the connector. 
This, in effect, swages the connector 
to the The indent type 
permits a larger deformation than does 
the circumferential type. The indent 
type die is made up of two dissimilar 
halves, a nest that holds and confines 
the assembly, and 


were the most 
brazing, 


close 


conductor. 


a plunger or in- 
dentor that deforms by penetrating. 
The circumferential type die consists 
of two similar halves that close around 
the assembly, decreasing the diameter. 

Flexible and extra-flexible 
are highly compressible since com 
pressibilitv increases with the number 
of strands and the air spaces between 
strands. Circumferential crimp term 
inals are limited in application be 
cause greater reduction in diameter 
would cause excessive flow of 


cables 


metal 
to form large flash or fins on either 
side of the connector. On the othe 
hand, the indent type compression 
allows deeper penetration of the in- 
dentor, while the nest tends to con- 
fine the assembly, and hence is pret 
arable. 

The remaining consideration is just 
how deep the indentor need penetrate 
for the best joint. The optimum joint 
is determined by measuring relative 


conductivity, pull-out tension, and 


ELECTRICAL MANUFACTURING 


DESIGN TRENDS 


Tension for failure 


Indenting forces 


Qe 








Fig. 3—These three cables have the 
same conductor area, but present dif- 
ferent problems in inserting connec- 
tors into lugs. Left, 49 strands of 
0.106 in., center, 259 of 0.029 in.; 
right, 5187 strands of 0.006 in. 





Fig. 4—For extra-flexible cables the 
lug is supplied with a belled mouth 
to aid in inserting the cable. 


joint stability. Where the connector 
is designed with sufficient cross-sec- 
tional area, pullout is a consistent 
indication of conductivity, and can 
be used to determine proper depth 
of indent: 

For cables of equivalent circular 
mil conductor area, the more strands 
there are in the cable, the larger the 
diameter as seen in Fig. 3. Burndy 
Hydent connectors were originally de- 
signed to fit the concentric stranded 
cables. Therefore, a connector design- 
ed for a larger circular mil area con- 





Indenting force, Ib 


Tension for failure, Ib 








0 Q 
0.300 0.280 0.260 0.240 0.220 0.200 0180 
Depth of penetration -T, in. 


Fig. 5—Effect of depth of penetration on indenting force and pullout 


tension for one size of cable. 


centric cable is necessary for instal- 
lation on a flexible or extra-flexible 
cable of the same circular mil area. 
For a flexible or extra-flexible cable 
there is always sufficient section for 
good conductivity. 

In selecting a connector for flexible 
or extra-flexible cable, it is best to 
choose a connector with an_ inside 
diameter 0.010 to 0.030 in. greater 
than the nominal diameter of the ca- 
ble. Sometimes an extra flexible cable 
will fit into a connector whose inside 
diameter is smaller than the nominal 
listed diameter of the cable. In some 
cases, a clearance greater than 0.030 
in. is permissible. 

These connectors are furnished with 
a chamfer for easy cable entrance on 
concentric stranded cables and on 





some of the other flexible cables with 
a smaller number of strands. The 
more flexible cables of more than 427 
strands are likely to splay out after 
they are cut and stripped. To get 
these cables started into the connec- 
tor, it is necessary to furnish these 
connectors with a belled mouth, as 
shown in Fig. 4. 

To determine the depth of indent 
for the best joint, indentors of vary- 
ing length and shape were used with 
standard nests. Pullout tests were 
made with results shown in Fig. 5. 

From similar curves for other sizes 
a depth of indent range was determ- 
ined for each size, and an indentor 
designed to give the optimum depth 
of indent. It was found that the same 
indentor could be used on many of 
the sizes. OO0 


Conveyorized Insulation Impregnation 


BRITISH-DEVELOPED automatic “Bal- 
lardey” system for varnish-impreg- 
nation of electrical comvonents _ is 
shown in this illustration. The system 
is a joint product of Devroome Devel- 
opments, Ltd., manufacturers of in- 
sulating varnishes and F. J. Ballard 
and Company, Ltd., manufacturers of 
conveyor industrial baking ovens. 
The operation is described as follows: 

An extremely large volume of tem- 
perature-controlled air is circulated 
uniformly throughout the whole of 
the work space of the oven. The sys- 
tem is therefore capable of transfer- 
ring the necessary heat to where it is 
most needed. A mass of air in motion 
at high velocity is a relatively flexible 
body and consequently can flow, for 
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example, through the bore of a ma- 
chine, between the end turns; it is in 
intimate contact with every part of 
the varnished surface, and thus is cap- 
able of removing immediately the 
volatile solvents, owing to the high 
velocity. 

The solvent-laden air and_ the 
fumes are removed by an adquate ex- 
haust system. Necessary — replace- 
ment of fresh air is introduced into 
the system so that the removal of the 
solvent is smooth, rapid and contin- 
uous, while at the same time the nec- 
essary heat transfer is being main- 
tained. 

The air temperature in these con- 
ditions is slightly higher than the re- 
quired baking temperature and in ac- 


tual practice it is found that an air 
temperature of 180 C is quite satis- 
factory. At this temperature the air 
is extremely dry and therefore has 
a high absorptive capacity for soi- 
vent vapor and is capable of taking 
up very much greater volumes of sol- 
vent volatiles than air at a lower 
temperature. Moreover, at such tem- 
perature the rate of heat transfer is 
very high. 

As a result of the high heat trans- 
fer to the end turns there is for ex- 
ample rapid conductional heat via the 
copper conductors down into the slot 
portion of a stator winding, where it 
is most needed, and this results in a 
steady diffusion of solvents to the 
surface, where they are rapidly ab- 
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sorbed and carried away by the air 
streams. Provision is made in the ov- 
ens for re-circulation of this solvent- 
laden atmosphere. Owing to the high 
dilution ratio of solvent vapor to air 
it is possible to re-circulate through 





the heater unit where it is “stripped” 
and re-introduced. 

The Ballardeyv unit consists primar- 
ily of a parallel chain conveyor sys- 
tem, with horizontal flight bars uni- 
formly spaced between the two con- 


A typical installation of a Ballardev automatic impregnator processing electric- 


cal parts. 


Thread Inserts 


Morton H. Baker, Chief Engineer 
Doran Brotuers, INc. 
Danbury, Conn. 


RATCHETS AND PAWLS used to feed 
abrasive paper from a roll in our 
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veyor chains which form a continu- 
ous endless circuit, either above or 
below the plant, according to the re 
quirements and the space available in 
the shop. The conveyor is so ai 
ranged that it first has a downward 
path, so that the components to be 
processed are immersed slowly into 
the varnish tank at a predetermined 
speed, particularly useful for the so 
called “cold-dip technique”  estab- 
lished by Devroome for its varnishes. 

This technique is described as be- 
ing primarily based on the fact that 
penetration of coils is largely 
governed by the porosity of the 
structure, and the surface tension of 
the varnish, rather than by the viscos- 
ity. It has been found by Devroome 
that even complex and dense wind 
ings, provided they are immersed 
slowly and uniformly into the varnish, 
will achieve complete penetration and 
extremely good filling quite rapidly. 
Examples of process time have been 
compiled into data sheets. A typical 
impregnation process for motors 
ranging from fractional sizes to 10 
hp requires only 30 min immersion 
time, 30 min drainage, and 30-60 
min baking at 180 C. This is 90-120 
min compared to much longer cycles 
on conventional equipment. 

American agents for Devroome 
varnishes and for the automatic im- 
pregnation system are Electrovert, 
Inc., 489 Fifth Ave., New York 17. 


in Hat Machinery 


brim jigger (hat finishing machine) 
are subject to vibration at $100 strokes 
per minute and to abrasion. For this 
reason, they must be replaced period- 
ically. To do this requires the re- 
moval and replacement of three 10-32 


hex-head hold-down screws which 
fasten into a cast aluminum base plate. 

To insure that frequent replace 
ment of these screws will not cause 
undue wear on the aluminum threads, 
we specify wire screw thread inserts, 
manufactured by Heli-Coil Corpora- 
tion, Danbury, Conn., as designed-in 
components in these machines. In 
addition to eliminating frictional wear, 
the stainless steel thread liners also 
eliminate possibilities of cross thread- 
ing and stripping. They also permit 
higher thread loading strengths. 

The semi-circular pads on this ma- 
chine rock at 8100 strokes per minute 
in cutting down the hat brim and 
throwing the “podgum” out of the 
cut (instead of grinding it into the 


brim). The machine is also used for 


Ratchet and pawl assembly (arrow) 
must be replaced periodically due to 
severe vibration. Stainless steel coiled 
wire inserts protect the threads in the 
cast aluminum base plate. 
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other hat manufacturing operations 
such as ragging, greasing and mellow- 
ing. 

A %-hp motor powers the unit, 
which stops automatically after the 
desired number of 3'2-sec passes has 


been made. Pad pressures from 6 to 
24 lb can be obtained. A single turn 
of appropriate dials sets desired pad 
pressures and the number of passes. 
The automatic sandpaper feed may 
be adjusted from % to %4 in. 


Wire thread inserts are also. in- 
stalled in other critical locations on 
this machine. For instance, 


thread 


14-20 wire 


inserts are used in the top 


of the main housing where auxiliary 


=~ 


equipment must be attached. 


Electric Lamps Get Larger and Smaller 


ELECTRIC LAMPS are getting both big- 
ger and smaller at the same time. 
Within a few days of each other re- 
cently, General Electric demonstrated 
the largest incandescent lamp ever 
made, and Westinghouse announced 
the smallest lamp ever made. 

A 75,000-watt lamp, half again as 
large as the previous largest lamp, 
was demonstrated by General Elec- 
tric as part of the observance of the 
75th anniversary of Thomas Edison's 
invention of the incandescent lamp. 
This lamp was designed and built at 
Nela Park in Cleveland, Ohio, head- 
quarters of GE’s Lamp Division. The 
glass bulb, the largest ever made, was 
hand blown by Corning Glass Com- 
pany at Corning, N. Y. 

The Lamp’s filament contains 2.7 
lb of tungsten or enough to make the 
coiled-coil filaments for 67,500 60- 
watt lamps. A tungsten ingot was 
swaged to a diameter of “46 in. and a 
length of 121% ft to form the filament. 
Its efficiency is 32 lumens per watt as 
contrasted with 1.4 lumen per watt 
for Edison’s carbon filament lamp. 

The smallest lamp ever made is a 
neon glow lamp about the size of the 
head of a pin and was developed by 
Westinghouse Lamp Division engi- 
neers at Bloomfield, N.J. It is a neon 
glow lamp '%o in. in diameter and is 
used in timing photographic records 
of missiles in action. The lamp is about 
one-third the diameter of the “grain 
of wheat” lamp used in bronchoscopes 
and previous holder of the world’s- 
smallest-lamp title since 1932. 





World’s largest lamp made by General Electric produces 2,400,000 lumens 
of light. Filament contains enough tungsten for 67,500 60-watt lamps. 


The new “pin head” lamp produces 
a M4oth-watt glow from a gap '%5 in. 
long between two tiny electrodes, 
each only 0.030 in. in diam. The glass 
cylinder which encloses the new lamp 
is about an inch long and contains, in 
addition to the midget electrodes, a 


trace of neon. The lamp can be pow- 
ered by hearing-aid batteries. 

The lamp was developed for an ap- 
plication requiring 50 lamps arranged 
alongside a strip of 35 mm motion 
picture film to occupy a space less 
than 3 in. in length. Ood 


Time-Proportional Electronic Thermostat 


A VERSATILE electronic thermostat is 
now in use at the National Bureau of 
Standards as a general-purpose tem- 
perature controller for a variety of 
applications. Developed by F. A. 
Ransom of the NBS electronic in- 
strumentation laboratory, the instru- 
ment is designed for flexibility, high 
sensitivity, and precision temperature 
control over a wide range of tempera- 
ture and power requirements. 

The device features such advan- 
tages as (1) no appreciable dead zone; 
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(2) the sensitivity may be raised very 
high without objectionable loss of 
stability; (3) capability of handling 
power requirements ranging from 
milliwatts to kilowatts for control; (4) 
the use of sensing element which may 
be a resistance thermometer or a 
thermistor connected in a bridge cir- 
cuit, or a thermocouple connected to 
a chopper circuit; and (5) the use of 
standard commercial components. The 
thermostat utilizes the principle that 
the power supplied to the heating 


element is switched on and off in a 
regular cycle, with the fraction of 
the cycle during which the power 
remains on proportional to the devia- 
tion from the desired temperature. A 
block diagram of the electronic ther- 
mostat is shown in Fig. 1 and the 
circuit is shown in Fig. 2. 

The temperature sensing element— 
usually a resistance thermometer or 
thermistor—is connected in one arm of 
an a-c bridge. The adjacent arm of 
the bridge is a variable resistor ad- 
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justable to the desired temperature 
control point. A 164-cycle oscillator 
energizes the bridge and also supplies 
a 164-cycle voltage to a half-wave 
double-diode rectifier. The bridge 
error signal is amplified and applied 
to the rectifier. If the temperature is 
at the desired value, the bridge is 
balanced and the error voltage is zero. 
Under these conditions the voltage at 
the rectifier output is at a certain d-c 
value. If the 


temperature deviates 



















Sensing 
element 
(bridge) 














164-cycle 


: Rectifier 
oscillator 

















Sawtooth 
oscillator 
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Fig. 1—Block diagram of electronic thermostat. Temperature devia- 
tion determines cycling of power input. 


from the control value, an error volt- 
age develops in the bridge. Its am- 
plitude depends upon the tempera- 
ture deviation, and its phase on the 
direction of the deviation. The effect 
on the rectifier output voltage is to 
increase it or decrease it, depending 
on the phase of the error voltage. 
The rectifier output voltage is fed 


through a resistance-capacitor circuit 


to the input of a Schmitt trigger ci 
cuit. Its zero-error value is equal to 


Heater 
voltage 





Trigger 
circuit 





y 


Heater -’ 
element 





Relay 


Amplifier 


the value that will cause the trigger 
circuit to operate the heater element 
circuit. Heater power will be on or 
off depending upon the value of the 
voltage at the input to the trigger 
circuit. 

The proportioning action is intro- 
duced by applying a saw-tooth volt- 
age to the rectifier in addition to the 
error voltage. The rectifier output 
then becomes a saw-tooth voltage that 
operates about a reference voltage 
which varies with the error voltage. 
With this arrangement the saw-tooth 
voltage applied to the detector can be 
adjusted so that, when the tempera- 
ture deviation and thus the error volt- 
age are zero, the control relay applies 
power to the heater 50 per cent of 
the time. Any temperature deviation 
from the control point then alters the 
proportion of the “duty cycle” during 
which power is applied to the heater; 
this proportion varies above or below 
50 per cent depending on the mag 
nitude and direction of the tempera- 
ture deviation. Large temperature 
deviations, beyond the proportional 
control range for which the instru- 


ment is set, result in the heater power 


being either on or off continuously 
depending on the direction of the 


deviation—until the temperature _ is 


+150 volts 
Oo 


Heater 
voltage 


Heater 
element 
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Fig. 2—Circuit diagram of electronic thermostat. Saw-tooth voltage operating about reference voltage 
determined by error voltage controls time cycle of heater element. 
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" Best Suifot" for 


GH TEMPERATURES 


VARGLAS SILICONE 










CLASS H 
TUBING and SLEEVING 


for applications requiring prolonged heat endurance at 


temperatures up to 260°C. 


Varglas Silicone tubing and sleeving were developed by Varflex for 
applications involving continuous operating temperatures up to 260° C. 
Exceptional stability is combined with the following qualities ... 


Flexibility — sharp turns and 90° bends 
cause no cracking or peeling — no loss 
of dielectric strength. 


Dielectrically-Strong — All grades con- 
form to NEMA and MIL-I-3190 standards. 


Moisture-Resistant — including resist- 
ance to salt water, mild alkalis and 
acids. 


Flame-Resistant — Standard burning 
test is 45 seconds to burn 1 inch. Can 


Send for FREE SAMPLES 


Mail coupon today for free folder 
containing 25 different test samples 
of Varflex insulating sleeving, tub- 


ing, lead wire and tying cord. 


be made self-extinguishing on special 
order. 


Cold-Resistant — Excellent resistance to 
chafing and abrasion, flexible to 
—35°C.* 


*For temperatures down to —65°C, and 
for applications requiring extraordinary 
flexibility, we recommend our new Var- 
glas Silicone Rubber sleeving and tub- 
ing. Inquiries invited. 
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again brought within the proportional 
range. The duty cycle, determ:ned by 
the frequency of the saw-tooth oscil- 
lator, is designed to be adjustable over 
a range of about 5 to 15 sec to meet 
the needs of any particular controlled 
process. 

Since the controller is of the time- 
proportioning type, its time of re- 
sponse to a temperature change is 
slightly longer than that of other 
types of controllers. Also, if the total 
power is switched in the control of 
processes having small thermal capac- 


ities and short thermal time lags, the 
temperature may cycle about the con- 
trol point. In such cases the magnitude 
of the cycling can easily be minimized 
by supplying a portion of the required 
power continuously and switching 
only the power needed to compensate 
for any load changes in the ccntrolled 
process. 

This thermostat has been used suc- 
cessfully to control a number of proc- 
esses at NBS, and experience shows 
that its sensitivity, stability, and flex- 


ibility make it valuable for many 


laboratory applications requiring pre- 
cision temperature regulation. In a 
typical NBS application the thermo- 
stat has for many mcnths held stand- 
ard electric cells, immersed in an oil 
bath, to a controlled temperature of 
28 C within +0.001 deg. 

Another use of the instrument has 
been in a small electrical furnace. The 
typical small heated-air oven is ordi- 
narily difficult to control. Using the 
NBS thermostat, the temperature was 
maintained to within +0.1 deg over a 
range from 250 to 450 C. its 


Magnetic Clutches Actuate Recording Meter 


Ralph T. Dosher, Jr., Design Engineer 
Texas INSTRUMENTS INC. 
Dallas 9, Tex. 


THE COMBINATION of high sensitivity 
and ruggedness in electrical recording 
instruments is required in many appli- 
cations, both military and commercial, 
but they often seem to be mutually 
incompatible in conventional designs. 










Both objectives have been successfully 
achieved in a meter movement in 
which the recording pen is driven by 
the net torque of two magnetic fluid 
clutches whose output torques are 
mechanically opposed. This move- 
ment has been used for several years 
in a two-channel recording milli- 
ammeter installed in military equip- 


ment, and has recently been made 


Fig. 
in opposite directions with signal coils 
connected in series, but with opposite 
polarity. 
linear relationship between net torque 
and signal current. 


available for commercial applications. 
The recording milliammeter is shown 
in Fig. 1 and the magnetic fluid 
clutch movement is shown in Fig. 2. 

Two magnetic fluid clutches are 
motor driven in opposite directions 
with the output shafts mechanically 
connected by suitable linkage so that 
they tend to rotate against each other. 
The characteristics of the clutches are 





2--Two clutches are motor driven 


Magnetic biasing provides 












Fig. 1—Two-channel recording milli- 
ammeter which uses opposed mag- 
netic fluid clutches to drive recording 
pen in accordance with value of cur- 
rent to be measured. 
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Yours—Guardian’s New SOLENOID BUL- 

NO. ] G A. & $0 LENO iD LETIN just off the press! Get your free copy NO. 14 A. ts SOLENOID 
describing the complete new Guardian line of 
AC and DC Solenoids (Continuous and Inter- 
mittent Duty) with Operating Data and dimen- 
sional drawings. Adjustable plunger strokes 
vary, to specification, from 1/16 inch up to 2 
inches, lifting any required weight of less 
than 1 oz. up to 9 lbs. New, compact ‘‘Power 
Type”’ Solenoids feature laminated coils that 
provide a big lift for a positive, fast, full stroke. 
Guardian will gladly work with you on your 
experimental projects where solenoids are used 
singly or in combination with Steppers, Relays, 
Switches and other electrical components. 
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up to 115 v. A.C., 60 cycles, or 
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such that when the signal current is 
zero the output torques are equal and 
opposite. Thus, the net torque is zero 
and the recording pen is maintained 
in its zero deflection position. For 
positive and negative values of di- 
rect current, the relationship between 
signal current and net torque, and 
therefore deflection of the recording 
linear 


pen, is over a_ considerable 
range. 
The construction of a magnetic 


fluid clutch is shown in Fig. 3. The 
principle of operation is that when 
fine iron particles are located be- 
tween opposite poles of an electro- 
magnet and the magnet energized, 
the iron particles will align themselves 
in chains across the gap. They tend 
to form a solid mass in the gap and in 
effect make a firm mechanical link 
between the two poles. Thus, when 
one magnet is rotated, the other will 
follow it. The degree of solidification, 
and the strength of mechanical cou- 
pling of the two shafts, are dependent 
upon the magnetic field strength in 
the gap. This in turn is a function 
of the design parameters and the cur- 
rent flowing through the energizing 
coil. The coupling can be made any 
value from 100 per cent to almost zero 
in a smooth curve. At zero current 
there is a slight coupling effect due 
to the viscous drag on the iron par- 
ticles. This is reduced, and other 
operating factors improved, by sus- 
pending the iron particles in a suitable 
oil. 

In the clutch shown in Fig. 3, the 
electromagnet and energizing coil are 
mounted on the input shaft. The 


wn 


Torque, 02 in. 
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current, ma 


Fig. 4—Torque-current curves of two 
clutches rotating in opposite direc- 
tions. Torque is equal and opposite 
at all values of current. Net torque 
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BIAS MAGNET 


Fig. 3—Single magnetic fluid clutch. Torque cup rotates in gap 
filled with iron powder suspended in oil. Magnetic field solidifies 


iron powder to drive output shaft. 


working gap contains the magnetic 
Huid of iron powder in an oil sus- 
pension and the “torque cup” at- 
tached to the output shaft. A torque 
cup is used to utilize the mechanical 
coupling forces of the magnetic fluid 
at the maximum torque arm. 

The output torque-current curves 
of two identical clutches driven in 
opposite directions are shown in Fig. 4. 
In this case, whatever the signal cur- 
rent, the output torques are always 
equal and opposite, with the new 
torque equal to zero. If the current 
through one of the energizing coils is 
reversed, and the curves displaced 
horizontally by biasing the magnetic 
circuit of each clutch with a perma- 


5 


Torque, oz in. 





Current, ma 


is zero. Fig. 5—Operating character- 
istic curve of two biased clutches with 
coil current reversed in one. Net tor- 
que is linear over considerable range. 
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nent magnet near the external air gap. 
the torques for a given value of signal 
current are opposite, but no longer 
equal. The difference is the net 
output torque. By suitable biasing, 
the net torque is made proportional 
to the signal current. The torque 
curves of this arrangement are shown 
in Fig. 5 and they represent the oper- 
ating characteristics of the mete: 
positioning movement developed by 
Texas Instruments Incorporated. 

The complete movement weighs 1%4 
lb and measures 2% in. square by 2!2 
in. high. It is made up of two mag 
netic fluid clutches as described, fou 
permanent magnets (aluminum-nickel 
cobalt alloy) for biasing, mounting 
frame, load springs, output takeoff 
assembly, and worm-drive zero ad 
justment mechanism. The movement 
responds linearly and smoothly to in 
put currents trom 10 to 500 microamp 
with a nominally developed torque of 
0.125 oz-in. per 100 microamp. Sen 
sitivity may be increased or decreased 
over a moderate range by adjusting 
the biasing magnets. Deflection sen- 
sitivity is controlled by the strength 
of the load springs on each clutch. 
Weakening the spring action will of 
course increase the deflection for a 
given signal, and vice versa. 

The linear range is from 10 to 500 
micro amp with an accuracy of +5 
per cent. Higher currents may be 
recorded with slight loss of accuracy. 
The input power required to operate 
the movement is under 4 milliwatts. 
The input impedance is 15,000 ohms. 
150 henries. The frequency response 
is flat up to 6 cycles. The ambient 
temperature range is from — 40 to 

75 C with maximum accuracy at 
26 C. 3G 
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at the extra features that assure 
dependability in ADLAKE Mercury Relays! 

























@ Dependability is the sum of many things 

. and ADLAKE’s dependability is built on en- 
gineering skill, exhaustive testing, and quality 
construction features like these: 


Positive leak-proof sealing—assured by the 
use of properly selected metals and glass com- 
ponents with properly matched thermal expan- 
sion characteristics. 


Arc-resisting ceramics—ceramics with great 
temperature-resistance are used to reduce any 
destructive effect caused by the arc. 


Liquid mercury-to-mercury contacts—com- 
pletely eliminates failures caused by low con- 
tact pressure, contact burning, pitting and stick- 
ing—and the inherent high surface tension of 
mercury imparts an ideal snap action to the 
contacts. 


And, of course, ADLAKE Mercury Relays are 
hermetically sealed, require absolutely no main- 
tenance, and are silent and chatterless. Write 
for your free copy of the ADLAKE Relay catalog 
today .. . The Adams & Westlake Company, 
1168 N. Michigan, Elkhart, Indiana. In Canada, 
address Powerlite Devices, Ltd., Toronto. 





“Mighty Midget’ ADLAKE Relay— 
Contact normally open or closed. 


EVERY ADLAKE RELAY IS TESTED 
—AND GUARANTEED 
—TO MEET SPECIFICATIONS! 


w= Adams & Westlake conenm 223 rz 
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Established 1857 * ELKHART, INDIANA «+ New York « Chicago Sap LE 
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International Motor Standards 


C. W. Falls,° Manager, Standards, 
Motor and Generator Div., 

GENERAL ELectric Co. 

FURTHER PROGRESS is the move. to- 
ward obtaining an international stand- 
ard for motor mounting dimensions 
was made at a meeting of Sub-Com- 
mittee 2B-Dimensions of Motors of 
the International Electrotechnical 
Commission. The meeting was held 
at the British Standards Institution 
in London on January 26-27, 1954. 
Acceptance of the new small frames 
of the USA or NEMA series revealed 
again the universal recognition of the 
need and importance of a 
standard for this 


sound 


basic industrial 


*Mr. Falls attended the London meeting for the 
Motor and Generator Section of NEMA and as a 
representatiy of the USA National Committee of 


IEC. 


product. 

This fifth meeting of the sub-com- 
mittee was attended by 27 individuals 
from 11 countries and the Interna- 
tional Organization for Standardiza- 
tion. At the 1952 meeting in Scheve- 
ningen, Holland, the sub-committee 
had decided to print a progress report 
listing both the NEMA and the Metric 
Series of certain mounting dimensions. 
The objective was that review of the 
subject from time to time might result 
eventually in closer agreement. How- 


ever, notification from the USA in 
July 1953 that NEMA had gone 
ahead with major changes in the 


smaller frame sizes resulted in post- 
ponement of publication of the report. 
The recent London meeting was _ in- 
tended largely to determine a course 


SIMPLE, RUGGED MOTOR DRIVE is the design feature of this power unit 


for conveyors. The “Add-A-Drive” 


conveyors to powered-belt or 


trical and mechanical components, the unit has a roller 


live- oller 


makes possible conversion of gravity roller 


lines. Constructed of standard elec- 


mounted in pillow 


blocks on an angle iron frame. The roller is chain connected to a right-angle 


speed reducer which is belt driven from the electric motor. The motor rests 


on an adjustable base and can be 


shifted by 


means of a lead screw and 


crank handle for tightening or removing the belt, Manufactured by the Sage 


Equipment Co., Buffalo, the units are available with motors of 44, 4% and *4 


hp and rollers from 8 to 30 in. wide. 
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of action regarding dimensions below 
the size with 6% in. shaft height. 

In discussing the recent NEMA 
changes, it was brought out that these 
were the first major changes since the 
standard was adopted in 1929. Their 
25 years of experience with this stand- 
ard had shown USA motor manufac- 
turers that there were too many frame 
sizes or shaft heights at the lower end 
of the series. The economics of appli- 
cation and manufacture, particularly 
with the many types of mounting and 
other parts now required for each 
frame size, dictated a reduction in 
the number of frame diameters of 
shaft heights. 

At the London meeting, six pro- 
posals for shaft heights below 6% in. 
were considered, including 
combinations of the following: 

Shaft height 

(in. ) 4 4% 5 5% 5% 

Shaft height 

(mm) 100 i12 125 132 140 
The 4-in. (100-mm) shaft height was 
ruled out as beyond the scope of this 
standardization activity. It was finally 
decided that the report should show 
as preferred two shaft heights in this 
range. These were 4%2 and 5% in., 
corresponding to the new NEMA 
shaft heights, with equivalent figures 
of 112 mm and 132 mm in the Metric 
series. 

It was voted to list under the table 
of preferred dimensions the shaft 
heights presently standardized — by 
certain countries. These include shaft 
heigths of 100 and 125 mm_ for 
France; 106, 125 and 150 mm for 
Germany; and 5 and 5'2 in. for USA 
and United Kingdom. 

The committee took action on other 
related matters as follows: 

1—Adopted for the two new shaft 

heights, dimensions locating the 
foot bolt holes and _ shaft 
shoulder. 


various 


2—Reaffirmed its decision that out 
put ratings should not be related 
to dimensions. 

3—Adopted a list of standard hp 


ratings, which are the same as 
the NEMA Standard. 

1—Adopted a corresponding list of 
kw ratings (75 per cent of the 
hp values) with some additional 
kw ratings interspersed as sec- 
ondary rather than preferred 
ratings. 

5—Decided that standardization of 
conduit box location 
practical. 

A new progress 


was im- 


report will be 


ELECTRICAL MANUFACTURING 


Eliminate Staking, Welding, Clinching ~ 
CE 
Permanently Retained 


Set self-anchor- 
ing SPEED GRIP 
in panel mount- 


New, Self-Anchoring SPEED GRIP 


cuts assembly costs in half! 


Simple tool 
presses nut into 


; Heavy duty nut 
Whatever your present method of attaching square nuts to it docked nank- 
panels, new self-anchoring SPEED Grips can do the job faster, = ce ith tr ag 
, 7 : : g nently retained 
easier, better. This unique fastener has spring steel ¢ —can’t rotate, 
‘6 : ” : | ] rattle or | lis- 
mechanical hands” that permanently lock the nut in bolt- = aa 
receiving position. It cannot be dislodged even with rough 
handling. Applied after painting or porcelainizing, there is 
no clogging, retapping or masking of threads to bother —- Write today for free copy of 
-_ ; a ; . new detailed SPEED Grip Bul- 
about. And it is ideal for blind location attachments. Loita Se: SOK. *ibisaeeianie 
ba : , , : E F . | Products, Inc., Dept. 12, Box 
Total up the savings in application time—in expensive | 6688, Cleveland 1, Ohio. In 
assemblv eauipment—in h Dine $3 . wuldie atoms Canada: Dominion Fasteners 
assembly equipment—in Nanalng ume—in assembly steps— T.td., Hamilton. Ontario. In Great Britain: 
and you'll switch to self-anchoring SPEED Grips—the newest Simmonds Aerocessories, Ltd., Treforest, 


Sia ‘ ‘ ; : Wales. In France: Aerocessoires Simmonds, 
addition to the complete Tinnerman line of Nut Retainers. S.A., 7rue Henri Barbusse, Levallois (Seine). 


MORE THAN 8000 SHAPES AND SIZES 








DESIGN TRENDS 








issued, if a favorable vote under the 
IEC procedure is received. Since no 
single or common set of dimensions 
has yet been reached, this report will 
show both the NEMA Series of di- 
mensions, (including dimensions cor- 
responding to the new NEMA rerated 
frames 182, 184, 213, 215, 256 and 
286) and the Metric Series. 

The accompanying table gives a 
comparison of the two series and the 
dimensions can be located on Fig. 1. 
A study shows that they are not far 





Dimension D Dy 


NEMA 


New Infra-Red 


DEVELOPMENT of a new type of in- 
fra-red lamp involves a radical de- 
parture from previous infra-red lamps 


in two respects. It has a compact 
tubular shape, slightly larger in di- 
ameter than a cigarette, rather than 
in the shape of a conventional bulb. 
And rather than regular or heat- 
resistant glass, the tube is made of 
fused translucent quartz. 

Producing more than four times the 
energy concentration delivered by the 
conventional 250-watt infra-red bulb, 
the slender quartz lamp, developed 
by General Electric's Lamp Division, 
has the ability to withstand high 
temperatures and the shock of violent 
temperature changes. When the tube 
is heated to a cherry red, it can be 
immersed in water, or it may be 
touched by a piece of ice, without 
cracking. 

Two being introduced, 


sizes are 


156 


COMPARISON OF NEMA AND METRIC SERIES 


NEMA Metric NEMA 
Frame | 
No. in. mm mm in. mm 
182 14% #114 #112 334 95 
184 . Fe 
13 54 133 132) 4% 108 
215 


apart, except for the lengths of frame 
(dimension 2F). There is close agree- 
ment in the shaft heights (dimension 
D), with the same number in each 
series. The average difference for the 
nine shaft heights is 0.079 in. or about 
2 mm. Likewise, the distances from 
the center line to the bolt hole (end 
view—dimension E) are similar in the 
two series, the maximum difference 
being 0.2 in. or 5 mm and the average 
difference for all nine frame diameters 
being only 0.1 in. or about 242 mm. 








BA 2F 
Metric NEMA Metric NEMA Metric 
thith in mm mim in. mith mm 
90 | 233 70 70 1% #114 125 
* 5% 140 160 
106 34% $9 85 alk 10 160 
i: 7 78 190 
2 210 
5 
1 


500 watts for 115 volts and 1000 
watts for 230 volts. They have lighted 
lengths of 5 and 10 in. respectively, 





New quartz-tube infra-red lamps are 
slightly larger in diameter than ciga- 


rette. Lamps produce high energy 
concentration of 100 watts per inch 
of lighted length. The 1000-watt (top) 
and 500-watt lamps are 11*4 in. and 
6°4 in. long respectively. 


ELECTRICAL 








Fig. 1—Sketches show the designa- 
tions for the various motor mounting 
dimensions involved in the standard- 
ization talks. 


Remembering that the two series 
of dimensions are based primarily on 
preferred numbers of different sys 
tems of units (English and Metric), 
it would appear that a rather close 
agreement been reached. This 
allows relatively easy interchange of 
motors of the two series, if special 
attention is given to the drilling of 
the bolt holes in the feet at the end 
opposite the drive. It is hoped that 
study and review of this matter later 
may bring these two series of dimen 
sions even closer together, ultimately 
culminating in a single series, giving 
a truly international standard of di- 


rm 


has 


mensions for motors. 


Lamp Quartz Envelope 


with metal clips on either end adding 
about 154 in. to the overall length. 
From each end extends a flexible 6-in. 
lead wire. The heating element is a 
coiled tungsten filament. 

The new lamp produces energy 
concentrations of 100 watts per light 
ed inch of tube length. Full radiation 
is produced almost instantly. It is 
extremely light in weight. The 500- 
watt size weighs °4 oz and the 1000- 
watt, % oz. The rated burning life is 
more than 5000 hr. 

The physical properties of fused 
quartz—its high mechanical strength, 
low coefficient of expansion, high 
melting point (3200 F), superior in- 
sulating properties, and resistance to 
acids and thermal shock—contribute 
to the new lamp’s performance. 0 0 0 


SEE 
ABSTRACT 


PAGE 306 FOR 
AND COMMENT 
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TYPICAL EXAMPLES 


of HARRY DAVIES* 


260 wwezcincem: STOCK MOLD PARTS 


OF HEAT RESISTANT BAKELITE PLASTIC 


Each part illustrated is available in 
several sizes. Head sizes — shank 
and shaft sizes are interchanged to 
suit the exacting needs of each item 
in your entire line. 


They are made in standard colors of 
Black, Walnut, Red, Ivory. Special 
colors and branded characters to 
order. Samples sent on request. 





Engineering and Tool Room depart- 
ments competently staffed and 
equipped to serve your special 
needs . . . may we serve you? 










“The Home of Famous DAKA-WARE Products 


Write for Complete Catalog 


OFFICES IN BOSTON, SEATTLE, 
NEW YORK, BALTIMORE, ST. LOUIS, 


ENGINEERING, DESIGN, 
LOS ANGELES, MILWAUKEE, FORT , , PRODUCTION AND TOOL 
WAYNE, BUFFALO AND TORONTO. a Phone 
Michigan 2-7240-1-2 ROOM FACILITIES 


na 
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NEW COMPONENTS 


AND MATERIALS 





VERSATILE CAM CLUTCHES FOR MACHINE DRIVES 


Cam-type, one-way clutch units are 
designed to serve as backstop (anti- 
rotation), indexing and overrunning 
clutches in machine drives. Known as 
the 200 Series, units are made with 
outer dimensions and tolerances cor- 
responding to seven sizes of standard 
200 series ball bearings. The clutches 
are designed without an inner race: 
consequently the full complement of 
cams bear directly on a hardened shaft 
surface. Individual clutch units can 
be mounted in a machine housing 
bore adjacent to the ball bearing 
supporting the shaft on which the 
clutch acts. 

When applied as a_ back-stop or 
anti-rotation unit in a machine drive, 
the outer race of the clutch is keyed 
in the housing bore. The shaft on 
which the cams bear can rotate in one 
direction only. If the mechanism 
being powered by the drive starts to 
turn in the opposite direction, the 
cams engage the shaft diameter and 


ELECTRONIC RELAY HAS 


High sensitivity to 
sistance 


changes in re- 
characterizes an electronic 
relay which can be varied by a step- 
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lock up to prevent the shaft and the 
entire drive from turning backward. 
Lock-up is accomplished by the 
wedging action of the cams between 
the outer race and the shaft surface. 

In backstop applications, the clutch 
unit is usually installed on a high- 
speed, low-torque shaft of a power 
drive train or the output shaft of the 


speed reducer drive 
train. 


Cath 


powering the 

In indexing applications, the 
clutches act as 
with an 


self-contained 
ratchets infinite number of 
teeth. Typical use is in feed roll 
drives for punching 
shearing operations. 


forming and 


also suitable 
for general overrunning applications, 
since they 


The cam clutches are 


\ when 
torque is applied and disengage in 
stantly when torque ceases. On mul 
tiple speed drives where two power 
units drive a common load, the units 
can be installed to automatically dis- 
engage the low speed unit when the 
high speed unit is engaged. .The 200 
Series cam clutches are made in seven 
standard sizes to fit Series 203, 204, 
205, 206, 207, 208 and 210 ball- 
bearing housing bores having nominal 
diameters from 142 to 3'% in. Morse 
Chain Co., 7601 Central Ave., Detroit 
10, Mich. 


No. I, 


engage instantly 


HIGH RESISTANCE SENSITIVITY 


less dial. 
directly 


be used to 
stop a fractional- 
horsepower motor when a_ contact- 
making ammeter, voltmeter, or watt- 
mete1 


Relay may 


Start or 


reaches a required meter 
reading. Other uses include: liquid- 
level control, and 


S( len vids. 


the operation of 


motor starters, and 


con- 
sufficient 
change in the resistance of a circuit. 

Two single-pole double-throw con- 
tacts permit control of 


tactors wherever there is 


independent 
systems; a simple jumper change sets 
the relay for 
operation. 


reversed 
Selection of the most fav- 
orable relay operating point is facili- 
tated through a sensitivity dial located 
on the front of the unit. The dial may 
be controlled from as far away as 500 
ft, and may be locked when set. 


normal or 


Contact rating is: inrush 30 amp; 
carry, 10 amp; break, 10 amp on nor- 
mally closed contacts and 5 amp on 
normally open contacts. The break 
inductive load for 125 volts d-c is 0.2 
amp normally open and 0.1 normally 
closed; for 250 volts d-c, it is 0.1 
amp normally open and 0.05 amp nor 
mally closed. The time delay, de- 
pending on the dial setting and the 
external resistance value, is rated at 
5 millisec min. Power requirements 
are 115-230 volts a-c, 50-60 cycles. 


Relay enclosure is weather-resistant 
and dust-tight (NEMA Type III and 
V). Its dimensions: 10x 6%4x 47% in. 
General Electric Co., 1 River Rd., 
Schenectady 5, N. Y. 


Cir le No. 2, P, dor Ir ry rc page 249. 
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STRESS-FREE 


CLEAR ACRYLIC MOLDED PARTS 
WITHOUT ANNEALING! 


Most molders will tell you that methyl methacrylate is difficult to mold in 


large units. They'll tell you it takes costly annealing and finishing to get 


maximum clarity and durability. This is no longer true. 
C A iICAGO Conventional methods just won't do the job 

... but our new economical molding technique does it every time. Take 
MOLD ED a look at our picture. It shows a container from the Ebco Fruit Juice Dis- 


penser. The finished piece is remarkably free from strain and internal stress 


PRODUCTS even though it’s 12” x 18” x 9” high. It’s more clear than glass. Yet it was 
CORPORATION at Idi _e ae] aling. We've made the jol 
sia a produced in one molding operation, without annealing. eve made the job 


Chicago 51, Illinois 
CUSTOM MOLDERS OF ALL sistently successful. 


/ Uphlivs Put extra sell in your product 


If you've been passing up the eye appeal and the buy appeal that clear 


of molding large units of clear acrylic comparatively simple ...and_ con- 


ai il ee acrylic gives your product... talk to a Chicago Molded Engineer. He'll 
Large Plastics Moldings, SPI be mighty helpful, vow'll find. 
MAY 1954 
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Z 
Chie 


DIGITAL 
OMMUTATORS 


Codes: Binary, Binary-Grey, 
Binary-Decimal with 
non-ambiguous outputs 


(STANDARD MODEL) 


$395°° 





Immediate Delivery from stock 
on standard models having 
following characteristics: 


¢ 1,000 counts decimal 
(300° to 360°) 


¢ 1024 counts—binary, 
grey (300° to 360°) 


* torque—0.5 oz. in 
ball bearings 


¢ inertia—400 gm. cm? 
* micrometer zero adjustment 
* automatic alignment—no gears 


CUSTOM COMMUTATORS 


Commutators can be furnished 
to fit specific applications by 

either modification of standard 
models or wholly new designs. 
Some variations now available are: 


* non-linear coding 

* high-count multi-turn units 
* ultra low torque models 

* miniature size, geared units 
¢ direct decimal coding 


G. M. GIANNINI & CO., INC. 


LABORATORY APPARATUS DIVISION 
PASADENA 1, CALIFORNIA 


Offices: New York: Phone Judson 6-7500 
Los Angeles: Phone Ryan 1-7152 


INDUSTRIAL TRIODE 


Ruggedized triode for heavy-duty r-t 
industrial applications, Type 6446 
(water-cooled), is a heavy-wall triode 
capable of dissipating 20 kilowatts 
continuously. High heat storage ca- 
pacity is provided by the 7/16-in.- 
thick anode for heavy intermittent 
duty, and the high dissipation reserve 
mismatch of load to 
The 6446 uses only 
half the water flow required for type 
892 for equivalent anode dissipation. 
Tube is also available in an air-cooled 
version, Type 6447. 

Construction 


allows extreme 
tube impedance. 


features include re 
placement of the conventional stem 





press construction by a rugged pow- 
dered glass stem. The new stem runs 
about 150 deg cooler, minimizing 
failure due to thermal shock. In addi- 
tion, the projecting grid arm has been 
eliminated and replaced with a Kovar 
ring grid Design 
incorporates a strong conical internal 
grid support instead of a three-legged 
riveted construction. 


connection. also 


Also, the cop 
per glass-to-anode seal has been re- 
placed by a rugged Kovar seal. <A 


stronger, helical filament provides 
more uniform heat distribution over 
the anode surface. Amperex Elec 
tronics Corp., 230 Duffy Ave., Hicks 


ville, L. I., N. Y. 
No. 3, 


FHP MAGNETIC BRAKES 


Designed to meet the new NEMA re 
rated frame standards, 40 Series and 
50 Series magnetic disc brakes are 
available for motors with ratings from 
1/20 to 1/3 and 1/6 to 2 hp, respec- 
tively. The 40 Series brake has a 5-in. 
diam and is 32 in. long; torque range: 
from 6 Ib-in. to | Ib-ft. It is designed 
for mounting on standard NEMA © 





12-C and 


floor 


end bell for motor frames 
18-C and is also available for 
mounting independent of motor. 

The 50 Series is available in four 
torque ratings: 142, 3, 6 and 9 Ib-ft. 
It is designed to mount on new frac- 
tional-horsepower motor frames 56-( 


and 66-C and integral horsepower 
motor frames 182 and 184. Stearns 
Magnetic, Inc., 642 South 28th St. 
Milwaukee, Wis. 

r No. 4, | 


TWO-WIRE MIDGET 


THERMOSTAT 


Having a “% in. diam and a length of 
2%% in., precision thermostat, desig 
nated the Midget Thermoswitch, fea- 
tures a double-lead design. The 
thermostat may be used (with suitable 
relay circuit) as a precision tempera- 
heated device 
such as a platen, and as an overheat 
detector in high-rpm machine bear- 
Ings, other The 
thermostat is said to be stable under 


ture controller in any 


ovens, and units. 
shock and continuous vibration; under 
10-¢ vibrations 
along each of three mutually perpen 
dicular planes, the unit will maintain 
its preset 


continued exerted 


actuation 
approximately 5 F. 

The unit is factory-set to actuate at 
any selected temperature from 65 
to 450 F. Depending on the set 
point, the unit will have an accuracy 
of | to5 F. It is designed for l-amp 
service at 115 volts a-c or 32 volts d-c. 


temperature to 


Three different models 


variety of 


permit a 
mounting arrangements 
One model has a triangular mounting 
flange; the threaded 


hexagonal mounting in a 


second has al 


head for 
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how HYLUGS solved 
critical thyratron 
requirements 


Contact requirements for inert gas filled thyratrons and 
rectifiers are among the most severe to be found any- 
where in industry. Faulty pin-and-socket contacts are 
often the cause of tube failure. 

About 8 years ago, Electrons, Inc. designed a 16 am- 
pere tube with bracket mounting and flexible leads 
ending in Hylug connections. Performance proved so 
dependable that Hylug connections were adopted as 
standard to many types of rectifiers and thyratrons — 
including special thyratrons developed for military air- 
craft applications. 

Out of the many thousands of such tubes now in serv- 
ice, only 3 instances of tube failure due to contact re- 
sistance in the filament lead have come to the attention 
of the manufacturer and those were obviously caused by 
careless tightening of lead nuts. 


















Hylug connections are superior 
because: 


1 Instead of 4 pounds or less con- 
tact pressure, Hylugs easily main- 
tain pressure of many hundred 
pounds. 


Mechanical shock or vibration, 
which causes tube to deflect 
slightly, does not affect contact 
surfaces. 


Radiation surface and air circu- 
lation between cathode and con- 
tact reduces danger of contact 
oxidation. Tube runs appreciably 
cooler. 


4. No corrosion problem. 


Send for your copy of BURNDY 
HYDENT Catalog Y53... includes 
complete information on HYLUGS 
and entire Hydent system. 


NORWALK, CONNECT. FACTORIES: New York, California, Toronto TORONTO, CANADA 
EXPORT: Philips Export Corporation “ 
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ged) We tell alee 


— Magnetic 
wi Starters 


Your 
most | 
complete: 
selection 
in the 
1-50 hp 
range 


NEW “IN-BETWEEN” SIZES 
SAVE ON COSTS AND 
UP TO 40% IN SPACE 


Why Pay for Starter Capacity You 


Never Use? Now you can select the 
exact starter size matched to any applica- 
tion in the 1-50 hp range from the nine 
Furnas Electric sizes. Many in-between 
sizes can save you money and conserve 


space. Immediate delivery from stock. 


Same Service, Less Money—Here’s 
an example of how you can save: Suppose 
It’s 
no longer necessary to select a size 2 rated 
25 hp. You save in cost and up to 40% in 


you want a starter for 10 hp service. 


space by selecting a Furnas Electric type 
YE, the right starter for the job. 


Important Features 
coils matched to your motor. 2. 


1. Dual voltage 
Four- 
speed thermal overload protection. 3. Easy 
installation and wiring in shallow case 
4. Heavy contacts for long life. 


Complete Range of Other Products 

Pressure switches for air and water ap- 
plications. Drum controllers for reversing, 
multi-speed reversing 


and multi-speed 


service. 

Write today for Bulletin No. 5402, giving 
the full 
1024 McKee Street, Batavia, Illinois. 


story. Furnas Electric Company, 


te Te ee 


Batavia, Ilinois 
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has a 
mounting in 


tapped hole; the third model 
stud locator to facilitate 
a slotted hole. 


All external metal components, in- 


cluding a flexible guard for the lead 
wires, are fabricated from. stainless 
steel. Electrical leads are Teflon 
coated and are fused into an extruded 
Teflon block in the interior of the 


thermostat: this block forms an effec 


tive moisture barrier. 
The present line of midget Thermo 
switch 


units has 


an inverse-type 
action; the electrical contacts close 
when external temperature rises to the 
unit’s actuation temperature. A reg- 
ular-action model (contacts open on 
temperature rise) will be made avail 
able shortly. Fenwal, Inc., Ashland, 
Mass. 

No. 5, 


RELAY WITH 
CERAMIC INSULATION 


High dielectric ceramic insulation and 
inter-contact capacitance of approxi- 
» features of Model 


mately 1.5 mmf are 


MC relay. It is especially useful in 
r-f circuitry where inter-contact ca 
pacitance losses are critical. Relay is 
available with a maximum of three 


movable and three fixed arms, giving 


allowable 


any arrangement of Form A 
B or C. Contacts, made of pure palla 
dium, are rated at 1 amp, 28 volts 
d-c, or 115 volts, 60 cycles a-c, non- 
inductive load. Gold alloy contacts 
can be supplied. 
-- = 
oS sw 
S&S _ 





Coil windings can be provided for 


( yvcles a-C 


operation from 50-60 or 
d-c with maximum resistance of 22, 
000 ohms. Power requirement is 150 
milliwatts min per movable pole. 

Contacts of Model MC will not 


chatter under a vibration of 10 g up to 
300 cps and a shock of 25 g, with coil 
power of 500 milliwatts or per 
movable pole. is insulated to 
withstand 1000 
open contacts, to coil, and 
contacts to frame; 500 volts rms from 
coil to frame. A hermetically sealed 
model can be supplied with only slight 
change inter-contact capacitance. 


more 
Relay 
volts rms between 
contacts 


in 


ELECTRICAL 


Sealed units are available with plug-in 


or solder terminals. Maximum dimen- 


sions of open units: 242 in. wide, 14% 
in. high, and 1%. in. long; sealed 
units, 1.x 1% x 240 in, high. Potter 
& Brumfield, Princeton, Ind. 


No. 6, 


HIGH-GLOSS POLYSTYRENE 
ALLOY SHEET 

an integral high-gloss sur- 
face finish, new rigid polystyrene 


sheet is designated Ci 


GM. The 


re 


Featuring 
alloy 
impco $ 300) 
a surface finish 


sheet has 





resembling porcelain enamel. — It is 
washable fabricated into 
vacuum forming 
Application 
housings, refrig- 
and other parts. 


and can be 
complex shapes by 
or similar techniques. 
possibilities include 


erator Components, 


Campco $-300 GM_> is available in 
white, standard-size sheets 39 in. x 72 
in., 0.080 and 0.100 in. thick. — In 


quantity orders, it can be supplied in 
30-in. widths and any desired length. 
Refrigerator pastel colors are avail- 
able. Campco Div., Chicago Molded 
Products Corp., 1020 N. Kolmar Ave., 
Chicago 51, Il. 


No. 7, 


STRIPED KEL-F WIRE 


spirally striped Kel-F  insu- 
Rex-KF, is 


in 10 colors and in stripes of 


( olored, 
lated wire, 


available 


designated 


various widths. Over 2000 combina- 
tions of color-coding are possible. The 
Kel-F insulated wire possesses the in 
herent characteristics of fluorocarbon 
resins. It has an operating tempera- 
ture range from 25 to 150 
Dielectric strength, as well as_ resist- 
ance to cold flow, to abrasion and to 
moisture absorbtion are excellent. For 


all practical purposes it is non-flam- 
mable. Its flexibility is good and its 
insulation resistance excellent. 

The color coded wire is available in 
AWG gages 30 to 12, with minimum 
wall insulation ranging from 0.006 to 
0.010 in. The conductor silver- 
plated copper wire, either 
stranded. Spiral stripes are 
(on white background) in the 


is 

solid 
available 
follow- 


or 
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What size 
isa 

quality 

fastener? 





‘Here are two ELASTIC STOP® nuts. 


Each has the familiar red locking collar. Each is self-locking, 


vibration-proof and can be reused many times. Each is a fast, readily assembled 

one-piece unit... will maintain accurate adjustment anywhere on a bolt. 

Each will afford positive protection against thread corrosion . . . prevent liquid 

seepage along bolts. Each is manufactured in quantity. Each is exactly controlled 

as to quality of raw material, finished dimensions, class of thread fit, seat squareness and 
finish. Each has a record for precision and uniformly high performance that is unmatched. 


But... one measures 1/10 inch across the flats; the other, 4 inches. Between these two, 
there are more than 530 different hex nuts in the ESNA line. They are the result of 
variations in height, material, finish and size. 


Look to ESNA for the top quality self-locking fastener that fits your need best. 


ELASTIC STOP NUT CORPORATION OF AMERICA 


Elastic Stop Nut Corporation of America 
Dept. N58-522, 2330 Vauxhall Road, Union, N. J. 


[] ELASTIC STOP nut bulletin [_] Here is a drawing of our product. 
What self-locking fastener would 
you suggest? 


Name Title 

Firm = 

Street 

City Zone State 
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NEED THESE? 
OR THESE? 
OR THESE? 









Get them all from 


COMAR 


Comar offers you a fast 
convenient source for your 
electronic control 
Components. Complete 
Engineering, manufacturing 
and sealing facilities al 
Coordinated in one plant... 
Saves you time. 


-- Saves you 
money. Components are 








tailor-made to your exact 
specifications, lOb-tested for 
top efficiency, Precision 
Constructed for maximum 


dependability. -- YOu get 


custom quality at Production 
line low cost. Next time you 
need relays, solenoids, coils 
switches, transformers 
hermetic sealing, . 
it will Pay you to 
contact Comar. 






—— 






1) ‘ucla ELECTRIC COMPANY 


3349 ADDISON STREET 
CHICAGO 18, ILLINOIS 


RELAYS - SOLENOIDS + COILS - TRANSFORMERS + SWITCHES + HERMETIC SEALING 
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ing colors: orange, black, red, green. 
vellow, light blue, dark blue, brown. 


gray, and purple. The Rex Corp., 
West Acton, Mass. 
No. 8, 


PRE-SET ELECTRIC 
COUNTERS 


Available in either four- or five-figure 
units, SP-MF electrically operated 
predetermined counters are actuated 
by electric impulses to close or open 
a switch at any pre-set count from | 
to 9999 or | to 99999, respectively. 
Speed is 600 counts per min. Switch 
capacity is 5 amp at 125 volts or 250 
volts 60 cycles a-c; 0.5 amp at 110 
volts or 200 volts d-c, non-inductive 
load; and 0.3 amp at 110 or 220 volts 
d-c, inductive load. Standard voltage 





is 105 to 120 volts 60 cycles a-c. 
Other voltages are available. Coil 
characteristics provide for coil resist 
ance of 550 to 600 ohms; and line cu 
rent of 0.060 amp core seated, or 0.120 
amp core unseated, at 115 volts, 60 
evecles a-c. 

Applications include use on ma 
chine tools, coil winders, packaging 
and other equipment. Counter is 
totally enclosed. Dimensions: 4% in. 
wide, 2% in. deep and 2% in. high. 
Weight, 1%4 Ib. Durant Manufactur- 
ing Co., 1962 North Buffum St., Mil- 
waukee 1, Wis. 

r No. 9, Fé 


PNEUMATIC 
COORDINATION CONTROL 


Two-lever coordination control is de 
signed to permit the opening of a 
pneumatic circuit by the coordinated 
action of two levers. The mechanism 
consists of an air valve and two ex- 
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9 advantages for the 
electronics industry 


with PLASKON riaiibened ALKYD 


1. Elimination of costly fabrication reduces 
production costs 


2. Provides solid mounting for inserts 
3. High dielectric strength 
4 


« Superior arc resistance 


Dimensional stability of Plaskon Reinforced Alkyd allows 
close-tolerance molding of this disassembled commutator 
body. Excellent bonding with metal saves cost on expensive 
silver inserts. Strength of material allows molding of thin 
sections. Most important, PLASKON Reinforced Alkyd 
Saves money by cutting down rejects. Pieces shown are 
molded by Bridges Plastic Products, Inc. (Los Angeles). 


MAY 1954 


Extreme dimensional stability 


Great impact strength and shock resistance 


Resistance to heat and fire 


Can be molded to extremely close tolerances 


0 ONAL 


Outstanding structural strength 





For further information on PLASKON plasties and resins address 
BARRETT DIVISION, Allied Chemical & Dye Corporation, Ae 
40 Rector Street, New York 6, New York. WHitehall 4-0800. | _— 
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RUGGEDIZED 
SEALED 


METER-RELAYS 


LOOK LIKE THIS:— 
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SNES Oce 


OIAL 


rs SHOCK MOUNT 
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COILS 
WITH CONTACT 


SCHEMATIC 


DO THIS:— 


These two instruments will meet the physical dimensions—and environ- 
mental limits of shock—vibration—temperature—humidity—of similar 
specification relays and meters. Samples are being tested for compliance. 
Prospective users can have a list of deviations. 


Meter-relays are indicating meters with built-in relay contacts. One contact 
is carried on the moving pointer. The other is carried on a semifixed pointer. 
When the two pointers meet the contacts close and lock. Locking coil is 
wound directly over moving coil. Reset can be manual or automatic. It con- 
sists of opening locking circuit. Spring action in contacts kicks them apart 
forcefully. There are no pushers nor solenoids inside meter case. 

Usual meter ranges can be supplied from 0-20 Ua. to 0-50 A., or, 0-5 Mv. 
to 0-500 V. All ranges can be supplied either AC or DC except low milli- 
volts (under 0-250 Mv). These come only in DC because of limitations of 
instrument rectifiers. Higher voltage or current ranges are made with ex- 
ternal multipliers. 

Contact setting is adjustable from front to any point on scale arc. Or, it 
may be preset at any fixed point. Contact arrangements are (1) single high 
(2) single low (3) double, high and low. When used only as relays they 
can be made to operate on as little as 0.2 microamperes (3000 ohms) or 
0.05 millivolts (20 ohms). 

Bulletin 112 shows 11 circuits and lists components and specifications for 
meter-relays. Write or phone Bradley Thompson, Assembly Products, Inc., 
P. O. Box 191, Chagrin Falls 14,Ohio, telephone CHagrin Falls 7-7374. 
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tending levers, all interconnected 


through linkage which permits valve 
action only when both levers are 
operated. 

The control can be altered so that 
the two levers must be actuated eithe: 
simultaneously, in sequence of a given 
order, or in sequence of any order to 
open the valve. Applications include 
use to: prevent operation of a ma- 
chine until two necessary conditions 
are fulfilled; prescribe operator's posi- 
tion before equipment functions; and 
to interlock control circuits. The con- 
trol unit is equipped with two air 
inlets and two outlets; the double 
ended inlet is adjustable through 360 
deg. Unit is designed for a maximum 
air pressure of 125 psig. The control 
mechanism and the valve are housed 
in a cast iron box, which is provided 
with two drilled flanges. 

Length of the control, levers in- 
cluded, is 23% in. The housing is 
10% in. long, 6% in. high, 5% in. | 
deep. Pantex Manufacturing Corp.. 
521 Roosevelt Ave., Pawtucket, R. I. | 

No. 10, Recder Inquiry Facility, | 


TURRET TERMINAL 

CONNECTORS 

Feature of precision power connectors 

for No. 14 AWG wire with turret ter- 3 
minals is a required disengagement 

force of only 3 0z (min) and 8 oz 

(max) per contact. Another feature 





of the Series 14T are telescoping 
barriers around each contact providing 
long creepage paths for high voltage 
applications. 

The turret-type precision-machined 
socket and pin contacts (available in 
7, 10, 15, 18, and 20 contacts) are 
of spring-temper phosphor bronze and | — 2 
brass, respectively; the floating, non- 
rotating arrangement insures self- 


ELECTRICAL MANUFACTURING | 


, i 


—[—_—— ee es 








RUGGED FRACTIONAL HORSEPOWER APPLIANCE MOTORS 


MAY 


THE MOST IMPORTANT FACTOR 
IN YOUR BUSINESS... 


is a satisfied customer! That’s why it is important to use 
the best electric appliance motor you can find...a 
Packard Electric motor. 

For, when you standardize on motors carrying the world- 
famous Packard Electric name, you are taking the sure 
way to customer satisfaction. Appliance manufacturers 
who have been Packard customers for many years know 
this to be true. They know, too, there is no substitute 
for 37 years of motor-building experience. 












Packard Electric Division 


GENERAL | 
Leaimemenal General Motors Corporation 
A COMPLETE LINE OF 


Warren, Ohio 





1954 
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Metal-Cal resists heat 


eee) )) aN 
BACON EDLY 
EGGS, FRIED 300 
EGGS, SCRAMBLED 320 
PANCAKES RED 
HAMBURGERS 360 
ar cE TY 
POTATOES 320 
ada 380 
SAUSAGE eit 
PORK CHOPS 360 
MINUTE STEAK 420 
ahs: 360 
FRENCH TOAST 360 
ats eee 4s, fen 
SEE RECIPE BOOK 
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‘ths FRYGUIDE on Sunbeam’s new appliance has to stay clear, 
legible and in place under extremes of heat, moisture, and abrasion 
of daily cooking and washing. Metal-Cal meets requirements for 
Sunbeam, as it does for hundreds of America’s finest products. 


Metal-Cal is .003-inch aluminum foil, applied with a pressure- 


sensitive adhesive that bonds to any 
smooth, cohesive surface. The de- 
sign is created in brilliant dyes, ab- 
sorbed and sealed into an anodized 
surface. Metal-Cal gives you bright, 
lasting metal for your nameplates, 
labels, or other marking needs. No 
costly drilling, screws, rivets when 
you use Metal-Cals. 


Representatives in major cities 


C & H Supply Co., 415 E. Beach Ave. 
Metal-Cal, Dept. p-1, Inglewood 3, Calif. 





alignment of each contact individual- 
ly. Contacts are silver-plated for low 
contact resistance and soldering ease, 
Positive wiping action assures clean 
contact surfaces for maximum current 
capacity with minimum voltage drop, 
Three insulating materials are avail- 
able: mineral-filled Melamine for 
high dielectric and mechanical 
strength, Plaskon reinforced (glass) 
alkyde Type 440A for high impact 
strength and are resistance, and Diallyl 
Phthalate (blue) featuring high di- 
mensional stability, excellent dielec- 
tric properties and maximum mois- 
ture resistance. Aluminum hoods 
with cable clamps are available for 
all types. Electronic Sales Div., De- 
Jur-Amsco Corp., 45-01 Northern 
Blvd., Long Island City, N. Y. 
No. 11, Re Facilit 


MINIATURE MOTOR-BLOWER 


Designed to occupy a space of 2%x 
2%x4 in. miniature motor tian 
assembly is said to supply 24 cfm of 
free air delivery under continuous 
duty. Blower or suction operation is 
afforded by the unit’s two-blade pro- 
peller-type fan, powered by a perm- 





anent magnet motor rated at 6 to 115 
volts d-c. Speed is 10,000-13,000 rpm, 
with 0.50 amp current consumption. 
Housing of the assembly is cast alum- 
inum, and can be equipped with a 
radio-noise filter. The Pioneer Electric 
and Research Corp., 743 Circle Ave., 
Forest Park, Il. 

; No. 12, Reader Inquiry f t e 249 


MIDGET ROTARY 

SELECTOR SWITCH 
Subminiature rotary selector switches 
offer a means of switching as many 
as eight different circuits. They are 
available with from two to. eight 
switching units and from two to eight 
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Check these outstanding features 


of the 
Kodak Contour Projector, Model 30: 


Self-Contained Normal Surface Illuminator. 
Built-in 1500-watt light source provides 
maximum surface illumination to inspect 
surface details, recesses, and blind holes. 
Kodak Magnification Selector. Lens turret 
provides choice of magnifications at the flick 
of a switch. 

Par-Focalized Kodak Projection Ektar Lenses. 
Six specially designed lenses provide mag- 
nifications from 10 to 100. No refocusing 
necessary when you change magnification. 
Uniform Work Area At All Magnifications. 
Kodak’s unique relay lens system gives you 
a uniform 8-inch clearance between the part 
and optical system regardless of magnifica- 
tion selected. 

Bright Screen Image. The 500-watt light 
source for shadow projection provides sharp, 
easy-to-read screen image across the full 30- 
inch diameter. 


Now.. ea 30-inch Built-in Helix Table. Worktable rotates 15° 


off center for compounding helix angles. 


Direct-Reading Rotary Screen. Graduated to 


Contour Projector with 2’ of arc. Angular measurement is read di- 


rectly from a dial without vernier. Dial may 
. * be zeroed, eliminating lost time in aligning 
Kodak’s Advanced Optical Design peoteactae ring, 


64-Sq.-In. Measuring Area. Eight-inch hori- 
zontal and eight-inch vertical table provides 


Ever since the first Kodak Contour Projector was built six years ago, engineers an area of 64 square inches for direct meas- 

have asked for a 30-inch model with the same advanced optical refinements. urement. Worktable measures 26” x 8”. 
Now the new Kodak Contour Projector, Model 30, answers industry’s need Uni-Strut Assembly. Provides maximum ri- 

fora precision measuring instrument to handle large parts quickly, conveniently. gidity. Projection lenses and mirrors sturdily 
If yours is one of the hundreds of companies already using optical gaging mounted on a single member. 

methods, you'll want to learn how the new ‘“‘Model 30” can boost efficiency in Compact Design. Floor space required for 

present operations. If you are not making use of optical gaging, you'll want to the Kodak Contour Projector, Model 30, is 


approximately 1/5 less than that required for 


learn how the Model 30 makes its use far easier and more economical than other 30-inch projectors. 


ever before. 
For complete details of the Kodak Contour Projector, Model 30, write to: 


EASTMAN KODAK COMPANY 


Special Products Sales Division 


Rochester 4, N.Y. 


the KODAK CONTOUR PROJECTOR 


MAY 1954 





_ 
. 











KEARFOTT 





DEVELOPED 
VERTICAL 


.e tN production 


KEARFOTT vertical gyros providing 
continuous vertical reference within two 
minutes of arc under bench conditions 
typify the engineering knowhow and pro- 
duction skills available to you in the field 
of precision gyros for airborne control 
applications. 


Designed for particular applications with 
stringent performance requirements, a 
wide variety of vertical gyros now in 
production are being used extensively in 
aircraft and missile control systems de- 
manding the most precise gyro reference 
obtainable. 


KEARFOTT COMPONENTS 
INCLUDE: 


Gyros, Servo Motors, Synchros, 
Servo and Magnetic Amplifiers, Tach- 
ometer Generators, Hermetic Rotary 
Seals, Aircraft Navigational Systems, 
and other high accuracy mechanical, 
electrical and electronic components. 


Technical Data on these and other 
components is available on request. 


Kearfott gyros incorporate many unique 
features permitting operation under ex- 
treme operational or environmental con- 
ditions. A true hermetic seal in dry inert 
gas provides positive environmental pro- 
tection. Synchro pick-offs and rigid 
structural elements assure performance 
during adverse conditions of vibration 
or shock. 


TECHNICAL DATA SHEETS 
Complete technical data in tabular form 
on Kearfott Precision Vertical Gyros are 
available on request. Send for copies for 
your files. Write today. 






earfott 


SINCE 1917 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. 


Midwest Office: 188 W. Randolph Street, Chicago, Ill. 


South Central Office: 6115 Denton Drive, Dallas, Texas 


West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 


A GENERAL PRECISION 


> 


EQUIPMENT 


CORPORATION SUBSIDIARY 


detent positions, with a 45-deg angle 


between detents. Small size of the 
panel-sealed switches makes them 
useful on electronic equipment control 
boards where space is at a premium. 
The eight-switch assembly requires 
only a 1'‘6s-in. diam mounting. sur- 
face; over-all length is less than 4 in. 

Use of small, single-pole, double- 
throw switching units makes possible 
a compact switch assembly with an 
almost infinite number of wiring com- 
binations. In the eight-switch assem- 
bly, for example, four switches can be 
wired normally open and seven nor- 
mally closed; other combinations are 
also possible. 

Switches are available with drilled, 
solder-type terminals, or rap-around- 
type, turret terminals. They are 
rated for an inductive load of 3 amp 
at 30 volts d-c and 10 amp at 125 or 
250 volts a-c.  Micro-Switch, Div. 
of Minneapolis-Honeywell Regulator 
Co., Freeport, Il. 

ircle No. 13, Reader 


SMALL SOLENOID VALVE 


Small 4-5 16-in.-high, four-way sol 
enoid valve is designated the V9 
Series. The valves, which are leak- 


proof, are suitable for air, hydraulic 
oils and other common media, and 
will operate in any position. One valve 
can control one double-acting cevlinder 
or two single-acting cylinders. Three 
types are offered: normally 
open, normally closed, or a combina- 


basic 


tion of the first two types. Features 





include packless construction and a 
spring-loaded 
positive action and 
bubble-tight shut-off at all 
Series V9 made of die- 
cast zine; internal parts are made of 


direct-acting, design 
that assures 
ports. 


bodies are 


stainless steel. The Coil is varnished- 
impregnated and highly resistant to 
moisture. Pressures range from Q to 
150 psi; orifice diameters, from “64 
to %& in. Valves are available for all 
common a-c and d-c voltages and 
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Speed Queen Model A-12 
Automatic Washer 





| ‘PRODUCTS CORPORATION 
9551 Soreng Avenue, Schiller Park, Illinois °* 


1954 





Mr. Robert M. Cornwall (left), Purchasing Director of 
Speed Queen Corporation, discusses solenoid and valve 
coil prices with Mr. A. L. Mahone, Soreng engineer. 


gets what Engineering’ wants- 
for what (Purchasing ean pay 


Mr. Cornwall, like most purchasing men, is continually astride the 
gap between Engineering’s “‘special’’, ‘“‘custom”’ specifications and 
the never-ending drive for lower costs. He has discovered that 
Soreng Components—solenoids, switches, etc.—usually bridge the 
gap. Because—Soreng electrical components deliver custom designed 
features at mass production prices. 

Maximum savings are possible when Soreng is called in at the 
earliest developmental stage. So, to help lower costs on your advance 
design, write or call for a consultation with a Soreng Engineer at 
your plant. No obligation, of course. 






SEND FOR new Soreng Data Folder 
Contains products, technical data, drawings. 


Plants: Schiller Park, Illinois * Spring Valley, Illinois * Fremont, Ohio ~~ 
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STG FE RIDITE 


AN-C-170 MIL-S5002 MIL-C-5541 AN-P32 
AMS-2402A USA-50-80-1iA J.Q.D. No. 144B 
USA 57-93-2A O.S. No. 1374 USA 57-0-2C AN-P61 
A-XS-1607 QQ-P-416 QQ-Z-325 MIL-3151 

if you're finishing under these or similar specifications, 
here’s how you can use Iridite: 


ON ZINC AND CADMIUM you can get highly corrosion 
resistant finishes to meet any military or civilian 
specifications and ranging in appearance from olive 
drab through sparkling bright and dyed colors. 

ON COPPER... Iridite brightens copper, keeps it 
tarnish-free; also lets you drastically cut the cost 
of copper-chrome plating by reducing the need for 
buffing. 

ON ALUMINUM Iridite gives you a choice of natural 
aluminum, a golden yellow or dye colored finishes. No 
special racks. No high temperatures. No long immer- 
sion. Process in bulk. 

ON MAGNESIUM Iridite provides a highly protective 
film in deepening shades of brown. No boiling, elab- 
orate cleaning or long immersions. 


AND IRIDITE IS EASY TO APPLY. Goes on at room temperature 
by dip, brush or spray. No electrolysis. No special equip- 
ment. No exhausts. No specially trained operators. Single 
dip for basic coatings. Double dip for dye colors. The pro- 
tective Iridite coating is not a superimposed film, cannot 
flake, chip or peel. 

WANT TO KNOW MORE? We'll gladly treat samples or send you com- 


plete data. Write direct or call in your Iridite Field Engineer. He's 
listed under ‘Plating Supplies” in your classified telephone book. 


INCORPORATED 


4004-06 E. MONUMENT STREET © BALTIMORE 5,MD 











have a maximum power consumption 
of 10 watts per solenoid (20 watts 
total). All pipe connections are 14 in, 
NPT; the electrical outlet is a 1-in. 
NPT conduit. Skinner Electric Valve 
Diyv., Skinner Chuck Co., Edgewood 
Ave., New Britain, Conn. 


No. 14, Reader ry Fa t page 249, 


| BONDED GERMANIUM DIODES 


Features of two gold-bonded germa- 

nium junction diodes are high ratio 
| of back-to-forward resistance and low 
| forward resistance. Types CK739 and 
| CK742 are characterized by forward 
| resistances of 10 ohms or less at 1 volt 
| and back resistances of several meg- 
| ohms at negative voltages as great as 

125 volts. Major difference between 
| the two types: peak inverse voltage 
rating of CK742 is 125 volts, which is 
double that of CK739. Type CK742 






a ae 


has an average rectified current rating 
of 50 ma; CY739, of 100 amp. Both 
| types have identical peak rectified 
current ratings (300 amp). and am- 
bient temperature ranges (— 10 to 80 
C). The flexible terminal leads may 
| be soldered or welded directly to the 
| terminals of circuit components with- 
| out the use of sockets. Standard sub- 
miniature sockets may be used by 
| cutting the leads to a suitable length. 
| Receiving Tube Div., Raytheon Manu- 
facturing Co., 55 Chapel St., Newton 
98, Mass 
No. 15, Reader |! ry f ity, page 249 


HEATING ELEMENT 


| 

| Ruggedness and long life are char- 
acteristics of Corox heating element. 
Features include watertight terminals. 
All parts of the unit exposed to water 

| are made of copper including the head 

| flange. In addition, a steatite terminal 


i. 
ey 


(continued on page 183) 
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block is used. Added feature is that 
the mechanical joints between heater 
tubes and the flange have been elimi- 
nated by machine-brazing the com- 
ponents with Phos-Copper alloy. Use 
is made of gripper-type terminals that 
provide positive connection of cur- 
rent-carrying parts. 

Power ratings of new heaters range 
from 600 to 5000 watts. Tube loop 
lengths available range from 6 to 15 
in. Primarily designed as a water 
tank heater, units can also be used in 
dishwashers and laundry, dairy, lab- 
oratory and other equipment. West- 
inghouse Electric Corp., P. O. Box 
9099, Pittsburgh 30, Pa. 

Circle No. 16, Reads ry Facility, page 24 


COLORED VINYL TAPE 


UL-listed vinyl tape can be obtained 
in eight colors: red, yellow, green, 
blue, gold, silver, black and white. 
It is available in four widths, 38, 42, 34 
and | in. Properties and character- 
istics include: adhesive value, 28 oz 
per in. width; breaking strength, 15 





Ib per in. width; and_ dielectric 
strength, 1000 volts per mil. Other 
specifications include: resistance to 
creep, less than 0.25 in.; moisture 
vapor transmission rate, less than 3; 
and resistance to salt water, good (at 
96 hr). Tape is 0.006 in. thick. Van 
Cleef Bros., Inc., 7800 Woodlawn 
Ave., Chicago 19, IIl. 

Circle No. 17, Reader Inquir 


LIGHTWEIGHT ANCHOR NUT 

High-temperature, two-lug anchor lock 
nut is up to 45 per cent lighter than 
the previous design, and is easier to 
weld. Designed for service up to 1200 
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| equipment with Kanthal resistance alloys. 
i | 3 4 .\ N i | yi (J NIKROTHAL BROCHURE. 
[ore@}'S-20)'S:Meleh.@ (|) KANTHAL SUPER II BOOKLET. 
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resistivity is high — 812 to 872 ohms per circular mil foot 
at 20°C. Less wire used. 


lighter weight (more feet per pound), and per pound price 
itself is low. 
total savings up to 50%. 


for supported elements use Kanthal... 
long life in appliances, furnaces (air and neutral atmospheres), 


ignition systems, relays. .. . Thermocouple protection tubes. 
KANTHAL D & DS — 1150°C (2102°F) KANTHAL A — 1300°C (2372°F) 
(DS — Higher Creep Strength) KANTHAL Al — 1350°C (2462°F) 


for stability in precision equipment and resistors... 

use KANTHAL DR its temperature coefficient is low 
(+.00002°C between —50° and +150°C), and it has a low 
thermal EMF to copper. Fine gages available, all types of insu- 
lation. 


for temperatures up to 3000°F... 


use KANTHAL SUPER II, a revolutionary sintered metal fur- 
nace alloy. Long life, no aging, fewer controls. 


save 12% on nickel-chromium elements 

Use NIKROTHAL 8 (80/20) and 6 (60/16) ... recommended 
for suspended elements in appliances, furnaces (reducing atmos- 
pheres), rheostats. Highest quality. 


pene: SO NA ORT AR DRA TEAS SEAS NORE SAO SE BOESDAL: 5 Sane a age 


Ask for KANTHAL free descriptive literature. Check 
your choices below. Clip and mail today. 

' © KANTHAL HANDBOOK — 116 pages containing 
‘ physical data necessary for designing electrical 






Write on, or attach to, your COMpany StatiONETY perm 


183 











Are your High-Cycle -Alternator 
requirements special? 
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CAPACITY RANGE—15 KVA to 40 
KVA (in stock). Up to 75 KVA on 
rye) me) ed 

a AVM aet)' a) ee eel 
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LOW VOLTAGE OVERSHOOT — Less 
tate a0 bea 

POORER UU lel iem ol Bi, melee lag 
5% on unbalanced 3-phase loads 
BAS Y Merle ace t Sele] 1) mC Ae || 
uses. Where applications are specific, 
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Where lowest possible maintenance, 
combined with excellent wave 
form characteristics are required, it’s 
hard to match American Electric’s 
Inductor-Type Alternators. But occa- 
sionally special requirements 
arise which may be better served by 
American Electric’s Revolving 
Field Alternators. 


—? 


EXCITER REGULATING SYSTEM 


Employs American Electric’s 
trouble-free, direct-connected, high- 
cycle Inductor Alternator—which 
has no commutator, slip rings, 
brushes, springs, etc. Output is rec- 
tified and exciter-regulated by either 
electronic or magnetic amplifier 
means, then returned to the rotating 
field of the main alternator. 


Sle Bcath AR Ntaente « 


MANY MODELS 


American Electric Revolving 
Field Alternators are avail- 
able in STATIONARY and 
PORTABLE TYPES, open 
and totally enclosed models, 
for all laboratory, production 
F 4 and testing applications. 


4811 Telegraph Road, 
Also Manufacturers of 


High Frequency Los Angeles 22, 
Inductor Alternators, ZELECTRIC MOTORS) 
Miniature Electric Motors, ELECTRIC MOTORS California 


A.C. Industrial Motors, 
Motor Driven Blowers & Fans 


TRADE MARK 





FIELD ENGINEERING REPRESENTATIVES: 
TRAVCO ENGINEERING COMPANY—Silver Spring (Md.) * Boston ¢ Buffalo * New York City * Chicago 
¢ Dallas * Kansas City * Wright Field * Minneapolis ¢ Seattle * Montreal ¢* Toronto »« 
JOE DAVIDSON & ASSOCIATES, Los Angeles. 
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F, Type ZA1W1200 nut is available 
in 8-32, 10-32 and %4-28 thread sizes. 
It can be obtained with base plates 
with plain lugs, lugs with projections 
for welding, or lugs with holes for 


riveting. The nut body is made of 
clumbium-stabilized Type 347  stain- 
less steel. Manufacturer's silver plating 
process is used on the nut body as a 
lubricant to prevent seizing and gall- 
ing after high temperature service. 
The base plate which retains the nut 
and forms the lugs for welding or 
riveting is made of Type 321 stainless 
steel. Base and nut body are welded 
together to form one unit. — Elastic 
Stop Nut Corp. of America, 2330 
Vauxhall Road, Union, N. J. 

e No. 18, Ré ry f it 


MINIATURE RELAY 


Weighing 1.4 oz, relay is capable of 
withstanding a shock of 50 g and a vi- 
bration of 20 g up to 500 eps. Type 
MRH is available for use at ambients 


N ~¢ 
%. 
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of 85 C, or up to 200 C for special 
purposes. Coil resistances up to 10,000 
ohms are available. Branson Corp., 
Boonton, N. J. 
No. 19, f 


BALL AND DISK INTEGRATOR 


Improvements have been incorporated 
in a new ball and disk integrator for 
use in totalizing, rate determination, 
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CLEVELIT & 


LAMINATED PAPER BASE PHENOLIC TUBING 


Outstanding for many years as the Top Performer, Clevelite is un- 
matched in its ability to meet unusual specifications. 


Built-in Dimensional Stability, High Dielectric Strength, Low Mois- 
ture Absorption, Great Mechanical Strength, Excellent Machining 
Qualities and Low Power Factor make Clevelite Tubing outstanding. 


Available in diameters, wall thicknesses and lengths as desired, for 
Collars, Bushings, Spacers, Cores and Coil Forms. 


e e 
Our new Torkrite internally threaded and embossed tubing affords 
better control of adjustments in coil forms using threaded cores. 


Write for your copy of the latest Clevelite brochure. WHY PAY 
MORE? For Good Quality .. . call CLEVELAND! 


* Reg. U. S. Pat. Off. 


UeCLEVELAND CONTAINER) = 


6201 BARBERTON AVE. CLEVELAND 2, OHIO = 
PLANTS AND SALES OFFICES at Chicago, Detroit, Memphis, Plymouth, Wisc., Ogdensburg, N. Y., Jamesburg, N. J. 


ABRASIVE DIVISION at Cleveland, Ohio 
CANADIAN PLANT: The Cleveland Container, Canada, Ltd., Prescott, Ontario 










Take advantage of our 


REPRESENTATIVES 


NEW YORK AREA R.T. MURRAY, 604 CENTRAL AVE., EAST ORANGE, N. J. > 
Fast Dependable Delivery NEW ENGLAND _ eR. S. PETTIGREW & CO., 62 LA SALLE RD., WEST HARTFORD, CONN. /.” 
CHICAGO AREA PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE,, CHICAGO /< 
WEST COAST IRV. M. COCHRANE CO., 408 S. ALVARADO ST., LOS ANGELES = 
bo 
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Let's talk about 


Insulation... 


Mr. Edward E. Colligan, Vice President and General 
Sales Manager, Chase & Sons, Inc., Randolph, Mass. 


New Chase materials 
offer many advantages to 
Electrical Manufacturers 


If you are searching for new ways 
to conserve space and lower produc- 
tion costs ... and who isn’t. . . take 
a good look at these new Chase elec- 
trical insulating materials. 


Chasbestos is a composite material 
made of various combinations of 
highly purified asbestos sheet and 
du Pont Mylar® Polyester film. 
Chasbestos makes an excellent Class 
“B” insulation. It is available in 
sheet, roll and tape form, with a wide 
range of lasting dielectric qualities. 


Glasterra is another Chase com- 
posite insulation incorporating glass 
yarn or fabric with asbestos paper 
and a Class “B” or silicone varnish. 
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Glasterra is produced in various com- 
binations as Class “B” and Class “H” 
insulation, in sheets, rolls and tapes. 
All of these thoroughly tested, 
pyrolysis - resistant Chase products 
are engineered to withstand maxi- 
mum temperatures in minimum 
space. Variations can be designed 
to meet your specific requirements. 
Chase also makes slot insulation, 
in combinations of du Pont Mylar® 
and rag or kraft paper. The design 
advantages and manufacturing econ- 
omies of these new Chase materials 
are worth your thorough investiga- 
tion. Write for samples and Tech- 
nical Bulletins. Chase & Sons, Inc., 
Randolph, Massachusetts. 


FRICTION TAPE 

RUBBER SPLICING COMPOUND 

NEOPRENE SPLICING TAPE 

PLASTIC ELECTRICAL TAPE 

HIGH AND LOW VOLTAGE INSULATING TAPE 
RUBBER AND PLASTIC COATINGS 

CLASS “B”’ AND “H” INSULATION 


differential analyzers, or as a closed- 
loop mechanical servo-element or pre- 
cision variable speed drive. Improve- 
ments include the addition of a per- 
manent lubrication device increasing 
the life of the unit, and use of a 
lubricating oil meeting Army, Navy, 
and Air Force specifications. Precision 
is 0.01 per cent. Super-finished balls 
and tungsten carbide disk 
ployed. Dimensions: width, 1% in.: 
length, 2%4 in.; and height, 3% in. 
Weight, 21 oz. Librascope, Inc., 1607 
Flower St., Glendale, Calif. 

No. 20, R nquir icilit 


are em- 


y F 


MIDGET PRECISION 
POTENTIOMETER 


Linear function potentiometer, fea- 
turing internal clamp ring construc- 
tion for ganging cups, is designated 
Type 751. Potentiometer has a 7s-in. 
diam. Single cup units are 0.639 in. 
long from the front of the servo flange 
to the end of the case. Standard 
linearity is + 0.5 per cent; + 0.25 per 


cent on Rating: 2 


special order. 





watts for a single gang unit, 1.5 watts 
for dual ganged units, and 1 watt per 
cup section in multi-gang units. An- 
other feature is low torque—0.25 oz- 
in. per cup. Standard resistance range 
is 400 to 20,000 ohms. 

The potentiometer has a mandrel- 
type winding with all welded con- 
nections. Up to five cups can be 
ganged on a single shaft, increasing 
the length by ‘2 in. per cup section. 
The internal clamp ring design per- 
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HELPS KEEP YOUR INVENTORY DOWN 


Flexibility in operation enables Newport Steel to adjust their 
schedules and complete your order when you want it, always 
strictly according to your specifications. From the heart of Ameri- 
ca's greatest industrial growth, Newport makes fast, economical 
delivery, too, by rail, barge or truck. You thus avoid the ex- 
pense of heavy inventories while ensuring the continuity of your 
production and obtaining the high quality for which Newport 


has been famous for 69 years. 















PRODUCTS OF NEWPORT STEEL | 2 2 2 


Hot-Rolled Steel in Coil 
Hot-Rolled Pickled Steel in Coil 
Electric Weld Line Pipe 
Hot-Rolled Sheets 
Galvanized Sheets 
Galvannealed Sheets 
Colorbond Sheets 
Hot-Rolled Pickled Sheets 
Electrical Sheets 

Alloy Sheets and Plates 
Roofing and Siding 







ECONOMICAL WATERAIL DELIVERY 


Eave Trough and Conductor Pipe 
Culverts 


CORPORATION 


NEWPORT, KENTUCKY 
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ANGLE MOUNTED 
LATCHING RELAYS 


For Unlimited Control 
Ye) li ftei ile) 


DIMENSIONS _ 149 DIA 4-MTG HOLES 


Designed to take it... 


Resistant to vibration and 
shock, these new LEACH 
commercial and industrial 
relays incorporate unique 
principal of angle mounting 
for coil mechanism. These 
compact and rugged relays 
are designed to give efficient, 
dependable performance 
mounted in any position — vertical, diagonal, etc. 


NEw WEDGE ACTION .. . Utilizing latch faces with a slight 
radius plus end to end operation of latch mechanism, 
positive latching is assured regardless of wear or play in 
armature hinge joints. Standard coils are varnish 
impregnated and surfaces of frame, base, bracket, etc., 
are electro-plated. 


SCHEMATIC CHARACTERISTICS 


CONTACTS: DPDT or 4PDT. 
Ne MECH LATCH ween | LATCH CONTACT RATING: 
1 tT Wao a. ttc Tansey 8 amps. @ 115 VAC non-inductive 
; ; or 8 amps. @ 29 VDC resistive load. 
—— i COIL: Continuous or intermittent 
4POT Tas. DPDT ols duty with resistance to 10,000 
No. 9179 No. 9177 ohms. Maximum voltage 120 VAC 
73 60 cycle or 120 VDC. Special 
s series coils available. 
WEIGHT: .38 Ib. 


Unusual opportunities in research, design and development for engineers ! 
Submit resume of qualifications and experience. 


For BETTER CONTROLS THROUGH BETTER RELays — Specify LEACH 
Specialists in Electronics and Electro-Mechanics 


bEAGH RELAY TOR 


5915 AVALON BOULEVARD * LOS ANGELES 3, CALIFORNIA 
Representatives in Principal Cities of U.S. and Conada 
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mits ganging without increasing the 
overall diameter of the gang. Appli- 
cations include use as a transducer in 
miniaturized electronic equipment and 
in guided missile systems. Fairchild 
Camera and Instrument Corp., Poten- 
tiometer Div., Hicksville, N. Y 
e No. 21, Reader ry Facilit 


SELF-LOCKING ANCHOR NUT 


Lightweight, high-strength aluminum 
alloy self-locking anchor nuts are 
de peated the 2600DD Series. Use is 
made of a permanent type lubricant 
on the Fk element to prevent 
seizure and galling. Nut is fabri 


ao 


cated from 24ST bar and is dyed 
blue for identification. Shell is fab- 
ricated from clad 24ST material. 
Nuts are available in 6-32 NC-2, 8-32 
NC-2, 10-32 NF-3 and %4-28 NF-3 
thread sizes. Nutt-Shel Co., Inc., $11 
airway, Glendale 1, Calif. 
No. 22, r 


NON-INDUCTIVE RESISTORS 


Available in resistance values with 
accuracies of 1, 0.5, and 0.1 per cent, 
line of precision resistors is offered in 
a series of standard value ranges from 
0.1 ohm to 1 megohm. Wound non- 
inductively on non-hygroscopic  cer- 
amic bobbins and impregnated for 
moisture protection, these units exhibit 
low thermal emf and a temperature 
coefficient of 0.000025 ohms per deg 





ELECTRICAL MANUFACTURING 


MAY 


write on company letterhead 


MAGNETICS inc. 


DEPT. EM-9, BUTLER, PENNSYLVANIA 


1954 


THE 


Pil 


ARE YOU READY FOR 


ilCatmmsacaurliiets 





MAGNETIC SHIELDS 


Are you ready for a major electronic and electrical first— 
Maenetics, Inc. “Performance-Guaranteed” Shields for shielding 
of standard cathode ray and other tubes against moderate and 
high flux external fields... and custom-designed “Performance- 
Guaranteed” Shields for specific shielding problems? 

Here are shields which eliminate waste ... are guaranteed to 


your per formance specification. . .and are sold at standard prices. 


WIDEST CHOICE IS YOURS 


MATERIALS... Premium quality Performance-Guaranteed Shields 
are usually made from Mumetal or A.E.M. 4750, dry-hydrogen 
annealed for optimum isolating properties. Shields can be made 
from any other commercially available magnetic and non-mag- 
netic materials when required by performance specifications. 


METHOD OF MANUFACTURE . . . Performance-Guaranteed Shields 
can be fabricated or drawn by Magnetics, Inc., depending upon 
which is most economical for your requirements. 


FINISH . . . Performance-Guaranteed Shields can be furnished 
painted, lacquered or unfinished, as your requirements dictate. 
Paint color can be matched to any equipment shade you select. 
Pre-painting by Magnetics, Inc. eliminates danger of damage to 
shields in painting operations in your plant .. . provides you 
with shields immediately ready for your assembly operations. 


FREE ENGINEERING DESIGN . . . Our Engineering Department will 
carry out all phases of your shield design . . . including magnetic 
analysis . .. mechanical design .. . and production engineering 

: 5 
to your cost requirements. 
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feed-through insulators 


COMPRESSION TYPE 


Miniature, TEFLON insulated. 
Sturdy—shock and vibration 
proof. Enable quick easy mini- 
aturization. Unexcelled electrical 
properties for high frequency, high 
temperature, high voltage use. 
Unaffected by a wide range in 
ambient temperatures, pressure 
altitudes and humidity. Press-fit 
fastening requiring no additional 
hardware. 


THREADED BODY TYPE 


Metal body fits through bed-plate 
and is fastened by hex nut. Ter- 
minal which passes through hollow 
body is spaced by TEFLON plug. 
Combines excellent insulating 
properties of TEFLON with 
mechanical ruggedness unusual in 
miniature insulator design. 


GASKET TYPE 


Moisture-proof and oil-proof 
TEFLON insulated sealed units 
utilizing silicone rubber ‘‘O”’ 
Rings. Withstand thermal and 
mechanical shock, vibration, 
extreme ambient temperatures 
and climatic conditions. Easy to 
assemble and disassemble. 


HERMETIC SEAL TYPE 


Provide a fluorocarbon - metal 
fused seal permitting the TEFLON 
insulators to be soldered directly 
to the deck. This seal is capable 
of holding a vacuum for sustained 
periods and of withstanding 
mechanical and thermal shock, 
vibration, high and low ambient 
temperatures and extremes 


of climate. 


PRODUCTS INC. DIVISION 


CAMDEN 1, NEW JERSEY 


TEFLON sheets and a complete line of Rods, Bars, Cylinders, Tub- 
ing—are available for all electrical and electronic requirements. 
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C. Nine sizes are supplied, with 
ratings from % to 1 watt. Available 
sizes range from %4 in. to % in. in 
diam, and in length from 6 in. to 1% 
in. In standard units, values under 
800 ohms are wound of manganin 
wire, while those with values over 
800 ohms are supplied in Evanohm. 
Special alloys and_ resistance values 
can be supplied. k-F Development 
Co., 2728 Spring St., Redwood City, 
Calif. 
No. 23, F 


TAB-MOUNTED 
VARIABLE RESISTOR 


Miniature resistors for tab-mounting 
in printed circuits, and other appli- 
cations have a 0.894-in. diam and 
dissipate 0.5 watt. They can be sup- 
plied with any of nine different line 
switches. Known as Type LR5, the 
variable resistors are mounted by two 
tabs extending from the front covers. 
The tabs are inserted in rectangular 


EP 





slots of the mounting plate so that 
twisting the extended tab portions 
securely fastens the control. This con- 
struction eliminates the usual threaded 
brass bushing, lockwasher, and mount- 
ing nut. To preserve shaft alignment 
with negligible side motion, the front 
mounting plate has an extruded por- 
tion which serves as a bushing. The 
shaft itself may be furnished with a 
knurl, a slot, or both. Electronic 
Components Div., Stackpole Carbon 
Co., St. Marys, Pa. 

Circle No. 24, Re 


TEFLON TAPE 


Teflon tape, designated KELON-T, 
is said to combine toughness, excel- 
lent electric properties and resistance 
to abrasion and corrosive chemicals 
at high and low temperatures. With 
uniform dielectric constant and power 
factor over an extremely wide fre- 
quency range from temperatures of 
110 F to 300 F, the tape is useful in 
motors and generators, as well as in 
high-temperature-resistant capacitors, 
and in other equipment. Tape _ is 
available in widths up to 12 in., with 
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thicknesses varying from 0.002. to 
0.125 in. W.S. Shamban & Co., W. 
Jefferson Blvd., Culver City, Calif. 

e No. 25, Re ry Facility, page 


COMPUTING DIFFERENTIAL 


Addition to a line of single spider- 
gear differentials is a Ys-in. differential 
designed to meet military and com- 
mercial standards. Weight is less 
than 1 oz. Unit is said to add and 
subtract with high accuracy. It can 





operate over a wide environmental 
range, and performs in a_ working 
circle of with a 1 in. max diam. 
Breakaway torque at no-load is 0.01 
oz-in. Unit is made of stainless steel. 
Ford Instrument Co., 31-10 Thomson 
Ave., Long Island City, N. Y. 

Circle No. 26, Reader ry Facility, 5 


PULSE TRANSFORMERS 


Designed for use in high-speed cir- 
cuits using pulses of from 0.1 to 20 
microsec duration, standard and mini- 
ature hermetically sealed pulse trans- 
formers are designed for use in digital 
computers. 

Miniature Type 10Z_ transformers 
are primarily designed for use in 
flip-flop, buffer, pulse amplifier, and 





gating circuits, with pulse durations 
of from 0.1 to 0.5 microsec. Hermet- 
ically sealed, the units are housed in 
corrosion-resistant cans with glass-to- 
metal solder-seal terminals at each 
end. Can length is %4 in.; diam, ‘2 
in. In most applications, transformers 
can be mounted and supported by the 
lead wires. 

The larger Type 20Z pulse trans- 
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stand-off insulators 


SCREW, STUD OR RIVET TYPE 


These TEFLON insulated miniature 
stand-off insulators are designed 
for operation in pressure altitudes 
from 0 to 80,000 ft., ambient tem- 
peratures from minus 110°F to 
plus 500°F. Voltage breakdown 
after 95% humidity at 160°F is 
greater than 5,000 V-DC at sea 
level. Water absorption is zero. 


COMPRESSION TYPE 


TEFLON Insulator body is com- 
pressed into mounting holes, 
making these miniature stand-off 
insulators self-fastening, requiring 
no additional hardware and speed- 
ing economical assembly. Electrical 
and’ physical characteristics are 
similar to insulator type men- 
tioned above. 


WRITE FOR NEW CATALOG 


Bulletin No. EC-1153, a 12-page 
catalog on the complete line of 
Chemelec Stand-off and Feed- 
through Insulators—plus special 
electronic components and assem- 
blies is yours for the asking. Write 
for your copy. 


FABRICATORS OF du Pont TEFLON, Kellogg KEL-F 


AND OTHER PLASTICS 


Ask, also, about precision molded and machined TEFLON and 
KEL-F parts and special assemblies to customers’ specifications. 
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ANOTHER PROBLEM SOLVED by Tubular Rivet 


RE: AN ELECTRIC MANUFACTURER 
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€ STuo COMPANY 
WOLLASTON 70, MASSACHUSETTS 


BRANCH OFFICES: Buffalo, Chicago, Detroit, Indianapolis, 


Los Angeles, Nashville, New York City, Philadelphia, San Francisco, St. Louis 





formers are designed for blocking oscil- 


lator circuits, push-pull memory ring 


driving circuits, and other applications 
requiring fast rise time with minimum 
pulse lag and decay, with pulses up to 
20. microsec in length. The hermet 
ically sealed units are housed in 
drawn-metal shell bathtub cans meas- 
uring 1%4x 1%4x '2 in.; chassis mount 

ing ears are available. Sprague Ele: 

tric Co., 307 Marshall St.. North 
Adams, Mass. 


No. 27, 


HIGH-TEMPERATURE DIODES 
Identified by a red dot marking on 
the glass housing, series of germanium 
diodes was especially developed for 
equipment operating at high ambient 
temperatures and is said to have 
excellent forward and reverse cha 
acteristics. Each unit is so sealed 
that exposure up to and above 95 pe 
cent R.H. for 500 hr at 0 to $5 ¢ 
will not appreciably change back re 


sistance or Cause appearance of hys 
teresis. Typical of the models in the 
series is Type G44, which has a 
minimum rating of 100,000 ohms. re 
sistance at 1) volts and 100 ¢ 

The Red Dot series is designed for 
either clip-in or solder-in application, 
measuring %s2 in. in diam and “s in. in 
length, with “46-in. clip pins. No. 24 
tinned copper, pig tail leads are sup 
plied. International Rectifier Corp., 
1521 KE. Grand Ave., El Segundo 
Calif. 


GEARMOTOR 


Designed for continuous duty, Model 
K-2RM motor features helical gearing 
hobbed to AGMA Commercial Class 3 


tolerances. The helical gearing pro 
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NOW AVAILABLE oe 


ASSEMBLIES 
or SUB-ASSEMBLIES 


for your 


re) am 
SUPPLIES 


UNITIZED RECTIFIERS 


@ PLATE-FILAMENT-REACTOR 
ASSEMBLIES 


@ PLATE TRANSFORMERS 


@ FILAMENT TRANSFORMERS 


FILTER REACTORS 


Moloney now offers complete power 
supplies custom built to your needs, 
Complete power supplies or any sub- 
assembly can be had, manufactured to 


your most rigid specifications. 


High Power or High Voltage offers no 
problem to Moloney, long experienced 
in the manufacture of quality transfor- 
mers. Moloney, supplying transformers 
to the electrical industry for over 58 
years, stands ready to apply this exper- 
ience to the manufacture of your most 


exacting requirement for power supplies. 





RETMA | 
MIL-T-27 | 
OIL © ASKAREL 
DRY(Class A, B & H.) 


Write today for Bulletin ST-3505 
describing Specialty Transformers 


Per Standards 


MES4-13 


MOLONEY ELECTRIC COMPANY 


Power Tra rmercseD ribu n Tran e § » Volte Reeula e | tr? lran , roe 


SALES OFFICES IN ALL PRINCIPAL CITIES e FACTORIES AT ST. LOUIS 20, MO. AND TORONTO, ONT., CANADA 
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INSULATING BEADS 


of porcelain ... for high temperature 


insulation of bare wire. 


Shown actual size, these bal! and socket bushings are made 
of STAR LAVOLAIN, a steatite ceramic and the standard 
insulation for hundreds of electrical products. 


*% High dielectric strength at elevated temperatures 

% Good thermal shock resistance 

% Good mechanical strength 

% Provide flexibility in wire installations 

% 13 stock sizes immediately available in quantity 

% Openings range from .056 to .400 in. | 


| 
| 


ot | 
1 


| 
Send for samples; also price 


list and specifications. 





STAR LAVOLAIN can be used for | 
many of your small parts—rods, bush- | 
ings, resistance wire holders, switch 
bases. They are produced in large vol- 


ume on automatic machinery. Your | 
orders receive immediate attention. 


PORCELAIN COMPANY 


41 Muirhead Avenue «+ Trenton 9, N. J. | 
| 
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vides increased load carrying capac- 
ity, reduces noise through smoother 
tooth action and produces more uni- 
form pitch line velocity. Speeds of 
Model K-2RM motor range from 280 
to 0.7 rpm; torque ratings from 2.7 
to 120 in.-oz. Motor has a starting 
torque of not less than 150 per cent 
of full load torque at room tempera- 
ture. It contains no internal switches, 
brushes or permanent magnets. Both 
synchronous and _— non-synchronous 
windings are available. Motor has 
three leads and is reversible. Dimen- 
sions: 258 x 238x 2°64 in. or 2*%64 in. 
or 37°44 in. Bodine Electric Co., 2254 
W. Ohio St., Chicago 12, IIl. 

rcle No. 29, Re ry F ty 


DEPOSITED 
CARBON RESISTORS 


Hermetically sealed in glass, Carb- 
Ohm deposited carbon resistors are 


available in a series conforming to 


MIL-R-10509, and clad in Kel-F and 
vinyl casings. Wattage ratings range 
from % to 2 watts; resistance range: 
20 ohms to 200 megohms. Phaostron 
Co., 151 Pasadena Ave., South Pasa- 
dena, Calif. 

Circle No. 30, Reader Inquiry Facility, page 249 


SWITCH FOR COMPLEX 
SWITCHING 


Designed for use in automatic control 
systems and computers, crossbar 
switch provides a fast means of inter- 
connecting or selecting many different 
circuits in equipment requiring large- 
scale complex switching operations. 
The switch, which contains palladium 
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JUST AMATTER 
OF CONTROL 






LORD eNcINeERING 


CONTROLS VIBRATION 


ee etait 


The difference between a good product and a 
better one is often just A Matter Of Control—con- 
trol of vibration and shock which may be damaging 
your product. Pioneers in solving vibration problems 
for many industries, Lord Manufacturing Company 
is well qualified to assure you of better performance 
from your products through the use of Lord Vibra- 
tion Control Mountings and Bonded-Rubber Parts. 
Our Engineers will be pleased to help you in the 
analysis of the vibration which may damage your 
product and in the selection of the correct method of 
control. Lord Engineering means Materials Research 
—Engineering Research—Product Design—Manu- 
facturing Know-How for your application. 


Over 27,000 designs and their variations = 


from which to choose. Ww ba 


Jo 


et 


Life Building 


LOS ANGELES 28, CALIFORNIA DALLAS, TEXAS PHILADELPHIA 7, PENNSYLVANIA DAYTON 2, OHIO 
7046 Hollywood Blvd. 313 Fidelity Union 725 Widener Building 410 West First Street 


DETROIT 2, MICHIGAN NEW YORK 16, NEW YORK CHICAGO 11, ILLINOIS CLEVELAND 15, OHIO 


311 Curtis Building 280 Madison Avenue 520 N. Michigan Ave. 811 Hanna Building 


LORD MANUFACTURING COMPANY « ERIE, PA. 


— 


(ord) 


e 
“OnDen Rust 


Here is one example of Lord Engineering on sen- 
sitive business machines. The Burroughs Sensi- 
matic Accounting Machine is supported on LORD 
Mountings to reduce noise and cushion shock. 





heads quarters yor 
FOR 30 SEARS 
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Sprague Helped Make This Dynamotor 
Radio Noise-Free 


Photo Courtesy LearCal Div., 


‘ 
' 
i 


PROBLEM—VHF radio transmitters and receivers (Model 
LTR-6), 4s well as Automatic Pilots (Model L-2), both 
manufactered by the LearCal Division of Lear, Inc., for 
use in bufiness and private planes, were originally de- 
signed to tse a Dynamotor Power Supply (Model LD-S). 
However, early in the development of this precise air- 
borne gear, Lear engineers discovered that arcing of 
the commutators in the Dynamotor caused intolerable 
radio frequency noise. 


APPROACH—Lear gave Sprague’s Radio Noise Suppres- 
sion Labs in Culver City the problem of designing a 
special filter to meet Lear’s difficult specifications as to 
size, weight, and performance. 


SOLUTION—Sprague Labs designed a tailor-made filter 
to meet all requirements and completely eliminate the 
electrical motor noise. 


PRODUCTION SCHEDULES for such filters designed by 
Sprague’s California labs are regularly met by Sprague’s 
extensive pilot plant and mass- manufacturing facilities, 
the former for those sizzling rush orders, the latter for 
volume needs. For help with your radio noise filter 
applications, write, wire, or phone Sprague Electric Co., 
11325 Washington Blvd., Culver City, Calif. (TExas 
0-7491) ar North Adams, Mass. (MOhawk 3-5311). 





AT Teele Me Me 


provide you with com- 
plete application engi- 
neering service for 
optimum results in the 


Wty mb Meel ot Ml ltt Mill eS 
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Lear, Inc. 
Los Angeles, Cal. 


YOU CAN DEPEND ON 






contact points, can provide a circuit 
connection in approximately 50 milli- 
sec by the energizing of 2 specific 
coils. Versatility of switch is indi- 
cated by its ability to connect any 
3 of 60 circuits to any 75, or of choos- 
ing one from as many as 936 circuits. 
Feature is that it provides in_ its 
modular-like construction many of the 
interconnections which must be sepa- 
rately made in relay networks or by 
other means. The switch is mounted 
for drawer-like removal from its rack. 
Industrial Dept., Kellogg Switchboard 
and Supply Co., Chicago, Il. 

e 31, R or ' 


ELECTROMECHANICAL 
TRANSLATOR 


Developed for automatic control of 
rotary speed, electromechanical trans- 
lator, Type KC-223, is available in 
two models: one will open or close 
any desired electric circuit at a pre- 
determined rpm; the other, a multi- 
speed instrument, can be used for the 
automatic control of a sequence of 
operations. Originally designed — to 





prevent overspeeding of aircraft en- 
gines helicopter rotors, the device has 
other military and industrial control 
applications, including use on bottling, 
canning and other equipment. Opera- 
tional range is 1200 to 5000 rpm; 
accuracy, +2 per cent. The device 
is 4% in. high and has a 2%-in. diam. 
It fits a standard Army-Navy mounting 
pad and is built to satisfy military re- 
quirements. Kahn & Co., Inc., 54] 
Windsor St., Hartford, Conn. 

le No. 32, Reader Inquiry Facility 


ADHESIVE FOR TEFLON 


Pressure-sensitive adhesive No. 80 
bonds Teflon to itself and to other 
materials. It will bond Teflon to me- 
tals, glass, paper or other plastics. 
It has good acid and alkali resistance, 
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Engineered Economy Iron 


co 
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SPECIFICATIONS 


Material: Radio Cores No. 10 


Test Frequency: 1 — 
Q Tolerance: + 72% 


° 
Perm Tolerance: — 2% 


EE5101 


EE5001 


EES5003 


Engineered 
Economy means: 


@ HIGHEST PERFORMANCE 


@ HIGHEST QUALITY 
MATERIALS 


@ UNIFORM HIGH 
QUALITY 


@ LOWEST COST 
@ STANDARDIZATION 


DELIVERY FROM STOCK: 


We maintain an inventory of EE 
Cores, thus increasing speed of 
delivery, increasing your inven- 
tory turnover, cutting your invest- 
ment, and eliminating expensive 
down-time on lines because of 
inventory ‘‘outs."’ 


Radiowcoresainc 


INSERT 


and Core: 


of Screw 
Concentricity " {rom end of core 


015 Maximum at 3, 
007 Maximum at end of core 





EE5103 
EE5102 


EE5005 
EE5004 





ENGINEERED ECONOMY IRON CORES... 
AT MONEY SAVING VOLUME PRICES... 
ARE NOW AVAILABLE FROM STOCK. Two 
years of research and planning have produced 
the first concrete approach toward mass pro- 
duction in the iron core field. The EE cores illus- 
trated are based on the most commonly used 
electrical and mechanical standard specifica- 
tions, therefore design engineers may adapt 
them easily to a wide variety of uses. 


Literature is available upon request . . . please 
write for our EE specification sheets. 


If your needs are not covered in the above 
group, ask about our “‘Custom Engineered 
Cores’’, made to your exact specifications. 


9540 Tulley Avenue Oak Lawn, Illinois 
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good dielectric strength, execellent 
heat stability, and good low-temper- 
ature characteristics. 

The adhesive, which has a silicone 
base, retains usable pressure-sensitive 
characteristics from 55 C (— 67 F) to 
200 C (392 F). Although it becomes 
thermoplastic at temperatures over 
150 C, it still retains its effectiveness 
as a pressure-sensitive bonding agent. 
The adhesive has the following elec- 
trical properties: dielectric constant 
at 10° cycles, 2.8; dielectric strength, 
550-650 volts per mil; power factor at 
102 cycles, 0.005; and surface resistiv- 
ity after 4 days (100 per cent RH), 
2000 megohms. It has a 40 per cent 
solids content. Flash point is 60-75 F. 
Teflon-to-Teflon peel strengths of ap- 
proximately 2 lb per in. of width, and 
sheer strengths of 12 to 15 psi, are 
developed. 

The adhesive is suitable for appli- 
cation by brushing or knife-coating. 
It may be sprayed or dipped by thin- 
ning to suitable viscosity. After the 
adhesive is applied, it must be dried 
before pressing the two surfaces to- 
gether. Heating for 15 to 30 min at 
160 to 212 F will give the required 
drying. For increased bond strengths 
an additional 5-min cure at 300 F is 
required. Flexrock Co., Packing Div., 
3601-B Filbert St., Philadelphia 1, Pa. 

rcle No. 33, nquiry | t ye 249 


PRESSURE SWITCH 

Operating over a_ pressure, range 
(hydraulic or pneumatic) from 400 to 
3500 psi, and an ambient-temperature 
range of —65 to 160 F, the PreReg 
pressure switch employs a_ design 
principle that reduces its weight to 8 
oz, while enabling it to withstand 
bursting pressures up to 7500 psi with- 
out leakage, loss of ability to recycle 
to its original setting, or damage to 





working parts. Within its working 
limits, the switch responds to a mini- 
mum differential of 200 psi. The 
normal operating differential of 250 
to 300 psi is maintained over the en- 
tire range with only slight variations 
at the extreme ambient temperature. 
Switch is said to conform with the re- 
quirements of MIL-E-5272, MIL-P- 
5518, MIL-M-7911, and USAF- 
41065B. A normally closed SPDT 
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Expansion type pillow block 


NOT JUST A BALL 


MAY 


1954 


NOT JUST A ROLLER 


THE TIMKEN TAPERED ROLLER 


How the new Dodge-Timken 








All-Steel pillow block gives you more 
load capacity in less space 


ERE’S the new “‘All-Steel”’ pillow 

block that’s making an out- 
standing record in heavy-duty appli- 
cations. It takes up less space. It 
weighs less. Yet this Dodge-Timken 
All-Steel pillow block has tremen- 
dous load-carrying capacity. It is 
available in both expansion and non- 
expansion design. And it incorpo- 
rates all the advantages of Timken® 
tapered roller bearings. 

Because of their tapered construc- 
tion, Timken bearings take radial 
and thrust loads in any combination. 
Line contact between rollers and 
races gives Timken bearings greater 
load-carrying capacity. And the 


TAPERED ROLLER BEARINGS 


BEARING TAKES RADIAL 


AND THRUST 


Timken bearing in this pillow block 
is of new design, with tapered bore 
and self-aligning spherical outer race. 

Timken bearings are made of the 
finest steel ever developed for tapered 
roller bearings —Timken fine alloy 
steel—and under normal conditions 
will last the life of the machinery 
with which the pillow block is used. 

Timken bearings make any 
machine better. Always look for 
the trade-mark “Timken” on the 
bearings in the machines you buy or 
build. The Timken Roller Bearing 
Company, Canton 6, Ohio. Canadian 
plant: St. Thomas, Ontario. Cable 
address: ‘““TIMROSCO”’. 





LOADS OR ANY COMBINATION 
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PERFECT 


To insure uniform high quality, accuracy and perfect fit, Toledo Commutators and Collector 
Rings are carefully tested and continually inspected from tooling set-up to packaging. Toledo 
Commutators are manufactured from finest silver bearing copper, high grade steels and mica. 
Heat-treated and machined to precision tolerances. Standard sizes to meet virtually every 
requirement from small portable hand tools to big industrial machines. Special sizes to order. 
Inquiries and requests for quotations will receive immediate attention. Orders for any quantity 
filled promptly. Write TOLEDO COMMUTATOR CO., OWOSSO, MICHIGAN. 


TOLEDO COMMUTATORS 


quality products since 1895 





- SPECIAL 
Cy 6TUBING 





For high volume production or small quantity 
runs, our complete, modern facilities are at your 
disposal for any special formed tubing you might 
require. 


BENDING—FLARING 


SWAGING—ASSEMBLING | 


Our engineering department will help de- 
velop special designs, submit samples and 
quote on your tubing requirements, special 


lubricating devices and oilers. We always 





maintain a large stock of standard oilers 


at the Detroit factory. 


WRITE FOR CATALOG 





Our new catalog is designed for your purchasing and 
/ engineering needs. Illustrates and gives complete data 
on all standard parts. Send for your copy today. 


EYNON-DAKIN CO. 


9903 Freeland Detroit 27, Michigan 


i aii eee aria een 
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unit, it is rated at 10 amp at 28 volts 
a-c at 50,000 ft. Overall dimensions 
are 4.75 in.x2 in.x 1.28 in.; con 
struction is largely aluminum = and 
stainless. PreReg Manufacturing Inc.. 
18 Liberty St., Stamford, Conn. 

No. 34, | f t 


PRECISION 
SNAP-ACTING SWITCH 


Low cost and reliability are features 
of enclosed snap-action switch, desig- 
nated Type WI. Rated at 15 amp, 
125-250 volts a-c, it is suitable for 
general use in household and _ office 
appliances, as well as in industrial 
equipment. Feature is the inclusion 
of quick-connect terminals, which are 
integral with the current-carrying 





parts of the switch. The switch is 
enclosed in a molded phenolic housing 
134 in. long, %s in. wide, and '¢ in. 
deep; mounting holes on 1-in, centers 
clear 6-32 screws. Overall length, 
including terminals, 246 in. Besides 
the basic Type WL switch, unit is also 
available with leat-spring actuator 
(Type WLL). Unimax Switch Div., 
The W. L. Maxson Corp., 460 West 
34th St., New York 1, N. Y. 

No. 35, Fé nquiry f t 


AXIAL LEAD RESISTORS 


Axial lead resistors are wound on fiber 
glass cord in a continuous length; 
cord is cut to required length and 
leads clamped to each end. The core 
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A NEW ae FOUR-W, I y me 


SOLENOID VALVE 
for operation of a double-acting cylinder or two single-acting cylinders 


‘ X5 
™ 7 SA. 176 VARIATIONS EXPLOSION 
PROOF 
+. OF CAPACITIES, METERING & TYPES (V5 type) 
2- and 
; . ‘ ; . ‘ - 3-w 
The V9 is offered in 3 basic types: housing has zinc chromate finish. Coils 60-1000 
normally closed, normally open, or are moisture-resistant, varnish-impreg- P.s.i. 
combination — normally open and _ nated; molded “‘waterproof” coils avail- 


normally closed. 

Pressures range from 50 to 150 p.s.i. 
With orifices from 3¢,” to %” dia., V9 
models have an exceptionally wide range 
of port locations and metering flow ad- 
justments .for Speed Control. 

This series meets Skinner’s highest tra- 
ditions of quality. V9 construction is 
packless, frictionless; there are no 
troublesome sliding seals or close fits. 
Bodies are die-cast zinc; internal parts 
are made of stainless steel. Steel coil 


—— — + “ “= + 
: . 
+ ele om 
a o = 
7 Jom ; 1 
/ % 


‘*Fourmost’’ F W =A: ar 
Tt} Lb ae A 


able on request. 


LEAKPROOF 
Bubble-tight shut-off at all ports 


FAST OPERATING 
Up to 6 hundred cycles per minute 


DIRECT ACTING 
Positive spring-loaded operation — NO 
sliding seals, will operate in any position 


DEPENDABLE 
Millions of cycles on most applications — 
without maintenance 


GENERAL SPECIFICATIONS 
































v10 
HYDRAULIC Be, 
3-way . 
0-1000 
p.s.i. 


M3 PILOT 
OPERATED 
2- and 
3-way 
5-150 
p.s.i. 





QUICK 
EXHAUST 


PE arccsees Air, hydraulic oils, and other common media ee 
EE 6 ik ca kan nae ees All pipe connections 4” NPT Body) 
a Bee i, SR Boos bc tbwdesevecews 4" NPT Conduit 2-way 
EE cctv cbrieetnncaeewed sarnbewied Continuous 0-3000 
I ii edkwkw endows All common AC and DC voltages p-s.i. 


iat i cae oe Per Coil — 10 watts 






aod 


Both Coils — 20 watts max. 
PAT Wc ovo cei ccceewee Minus 65°F. to Plus 150°F. 


Modern production equipment and methods assure immediate 


PA ex. 






Perr ail 


rh for 









i 


delivery on stock valves, and highest quality standards. Valves are one 532 


guaranteed for 1 year against defects in materials or workmanship. 


© SKINNE®VALVES 


SKINNER ELECTRIC VALVE DIV., The Skinner Chuck Company, 108 Edgewood Ave., New Britain, Connecticut 


MAY 1954 201 








SHOCK, VIBRATION and NOISE 


DATA? 


CATALOG 523.-A. Air- 
damped Barrymounts 
for shock and vibration 
protection of military 
airborne equipment. 


BULLETIN 532. Vibra- 
tion isolator Type 915, 
for isolating vibration 
and noise caused by 
high-speed motors or 
motor-driven equip- 
ment. 

BULLETIN 533. Me- 
dium-impact shock ma- 
chine Type 150-400 
VD, for qualification 
and acceptance shock 
tests up to 77g. 


BULLETIN 534. Series 
M44 ALL-METL vibra- 
tion isolators and Series 
TOMA mounting bases, 
for military airborne 
equipment under ex- 
treme operating condi- 
tions. 


BULLETIN 535. Com- 
ponent shock machine 
Type 20 VI, for quali- 
fication and acceptance 
shock tests up to 210g. 


Complete 








“LOOK — NO LAGGING!" 
Increasing profits through the 
use of the new Leveling Barry- 
mount for industrial machinery. 






BULLETIN 536. Series 
M64 ALL-METL vibra- 
tion isolators and Series 
AOMA and NOMA 
mounting bases, for mil- 
itary airborne equip- 
ment under extreme 
operating conditions. 


BULLETIN 537. Séries 
262/633 vibration iso- 
lators, for isolating vi- 
bration and noise caused 
by medium-speed mo- 
tors or motor-driven 
machinery. 


BULLETIN 538. Series 
670/297 shock and vi- 
bration isolators, for iso- 
lating shock caused by 
impact-type machines, 
and vibration and noise 
caused by heavy rotating 
Or reciprocating 
machines. 


Here are complete engineering data, application information, and pointers 
to profits in every field of shock and vibration isolation. Write TODAY 
for your free copies of the ones you need. 


THE kt AR Mw y CORP. 


708 PLEASANT ST., WATERTOWN 72, MASSACHUSETTS 


SALES REPRESENTATIVES IN 


Atiento Baltimore Chicoge Clevelond Delics Doyton Detroit Los Angeles Minneapolis New York 
Philadeiphia Phoenix Rechester St. Losis Son Francisco Seattle Toronto Washington 
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is then coated with silicone cement 
and inserted in a ceramic tube which 
affords mechanical protection and 
igh dielectric strength. To prevent 
moisture from coming in contact 
with the resistance element, the ends 
of the resistors are sealed with sili- 
cone cement. The resistors are sup- 
plied in standard ratings of 5, 7, and 
10 watts, with maximum resistance 
values of 1000, 5000, and 7500 ohms, 
respectively. Tru-Ohm Products, Div. 
of Model Eng. & Mfg., Inc., 2800 N. 
Milwaukee Ave., Chicago 18, Ill. 

‘ircle No. 36, Reader ry Facilit ' 


PANEL-MOUNTING 
THYRATRON 


High-current thyratron with bracket 
base for panel mounting is designated 
the NL-760P. Having a 6.4-amp d-c 
and 77-amp peak rating, it is designed 
for motor speed control, welding con- 
trol, and regulated rectifier applica- 





tions. Type NL-760P is gas- and 
mercury-filled for quick starting and 
constancy of characteristics within 
wide temperature limits. Specifica- 
tions include: filament voltage, 2.5 
volts; filament current, 21 amp; and 
peak inverse voltage, 1250 volts. Na- 
tional Electronics, Inc., Geneva, Il. 
e No. 37, Ri t 


INSTRUMENT CABINET 


Instrument cabinet is made of cold 
rolled steel and finished with a spe- 
cially formulated baked-on enamel. 
Cabinets can be stacked vertically on 
horizontally, and can be easily locked 
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dependable 
electric motors use 


parts 


In many and varied motor applications, GRAMIX 
sintered metal parts are proving their strength and 
durability in rugged daily service because they are 
designed and made by men who really know motors 
...men who have years of experience in the field. 
This is a plus factor for you because in addition, 
GRAMIX parts cost less than those made by conventional 
methods, cut manufacturing time, eliminate machin- 
ing, and can be delivered faster! Why not write today 
for our big new GRAMIX catalog or the specific 
engineering information you need to put 

GRAMIX parts to the best use in 

your equipment? 












GRAMIX bearings 






GRAMIX pole shoes 


GRAMIX commutator segments USG carbon graphite 


brushes and contacts give 
efficient and dependable 
service on all types of ro- 
tating electrical equipment. 
Field tests show that they 
can do a better job for you. 


GRAMIX slip rings Write today for catalog. 


OUR 100th YEAR 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION + SAGINAW, MICHIGAN 
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THE NEW WESCO AC CATALOG is off the 
press—request your copy now. The cata- 
log gives design information to help you 
order the right solenoid for your appli- 
cation. It gives engineering drawings, 
solenoid performance charts, work and 


temperature curves in easy to follow form. 


Since the WesCo trademark is on AC 
solenoids used everywhere, you can be 
sure the WesCo catalog gives you real 
help on your solenoid problems. A_re- 
quest on your company letterhead brings 


your AC catalog promptly. Write today. 


Write toda) 
on your company letterhead 


NOTICE: 

If you specify DC 
solenoids for your 
company, you will find 
the WesCo DC solenoid 
catalog helpful. The 
pages are filled with 
easy to read information 
to help you choose the 
right solenoid. Sent 
only to requests on 


company letterhead. 


THE TRADE MARK ON OVER 5,000,000 SOLENOIDS SINCE 1927 


233 W. 116th PLACE, AC DIV. 105* LOS ANGELES 61, CALIF. * PL. 5-1138 
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together. Each cabinet accommodates 
a chassis with a 8% in.x 19 in. front 
panel and a 15 in. depth. Chassis 
guide-supports can be adjusted for a 
chassis up to 17 in. wide. Standard 
RETMA and WE mounting holes are 
provided on the front, top, back and 
bottom for fastening panels. A 
choice of three ventilating panel sys 
tems are offered. Elgin Metalformers 
Corp., 906 N. Liberty St., Elgin, Il. 
No. 38, 


WIRING DUCT 
ELIMINATES LACING 


Designed to protect and distribut 
wiring on equipment, duct is made 
from a thermoplastics material with 
good insulation properties. Clips, in- 


serted at regular intervals, hold wires 





firmly in place, eliminating need for 
lacing. Duct will not support com- 
bustion or warp under damp or moist 
conditions. It is available in lengths 
up to 45 in. Cover snaps°* off and 
on. Tavlor Electric, Inc., 15470 Dale. 
Detroit 23, Mich. 
No. 39, 


MINIATURE CONNECTOR 


Featuring a right-angle cable entry 
the CRA5-2 is a miniature pressure- 
tight electronic connector in a di 
cast aluminum shell. It is suitable for 
use in airborne and portable equip 


ment, particularly in applications re 





quiring mechanical protection with 
pressurization. Sealing is accom- 
plished throughout the connector and 
around each contact by use of indi- 
vidual O-rings. Air leakage is less 
than 1 cu in. per hr at a pressure dif- 
ferential of 30 psi. Features include 
coupling lock ring for quick engage- 


ELECTRICAL MANUFACTURING 





Fixture Wires: Designed for sun- 
lamps, therapeutic devices, and high- 
wattage units as well as lighting fix- 
ture interiors. Both high-temperature 
Deltabeston, and oil-, acid-, moisture-, 
sunlight-, and flame-resistant Flam- 
enol* wires are available. 





eG 


Magnet Wire: For Class H applica- 
tions (for temperatures up to 180 C) 
G-E Deltabeston is supplied with sili- 
cone-varnish impregnation. This extra 
protection is applied to Deltabeston 
magnet wire insulated with either 
glass or asbestos. 





Use this TAG 

to tell your 
customers 
it’s a G-E 
cord. 








thing tani, 
* 


| Handy Reference Book- 
| let: This 24-page booklet 
: for product designers con- 
tains product information 

and specifications on the 
complete standard line of 
G-E wires, cables, and cords 
—including, among many 
others, those listed below. 
Write for your copy. Section 
W106-522, Construction Ma- 
terials Division, General Electric 


Company, Bridgeport 2, Conn 





-—= 
a! ieee a 35% 4] 
Vy ia 
\SShre oe pe 7 
ea J 
TO, reece NTE 


Flexible Cords: Where resistance to 
heat, moisture, acids, alkalies, water, 
grease, or oil is important, G-E flex- 
ible cords have long been the answer. 
For light, medium, or heavy-duty 
electrical appliances or industrial 
equipment. 





G-E 


WIRES and CABLES 


for Product Designers 





Deltabeston Wire: Where extreme 
heat or corrosive vapors are present, 
you'll get dependable service with 
G-E Deltabeston* wire. For use as ap- 
pliance leads, or ground or hinge 
wires, as stove and range wires, and 
as permanent wave machine wire. 





Machine Tool Wire: G-E Flamenol 
machine tool wire meets J.I.C. Stand- 
ards for machine tool control wiring. 
It is permanently color-coded for easy 
circuit tracing. Its small over-all 
diameter is ideal for limited spaces. 





Small Motor Leads: For coils, trans- 
formers, motors, or ballasts you’ll get 
excellent service with G-E Type F 
small-motor leads. Listed by Under- 
writers’ Laboratories, Inc. 





Welding Leads: Designed for use 
either as electrode cables or work 
cables, G-E leads for arc welders are 
composed of many fine wires stranded 
for maximum flexibility. They are 
covered with a smooth rubber jacket 
for toughness. 


*Registered Trade-mark General Electric Co. 


Ou CUR fue pou confidence mn — 
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We are proud to be selected by the 
Pyramid Instrument Corp. of Lynbrook, 
N. Y., as the molder of the upper and 
lower plastic shells for the Amprobe 
Energizer shown at the right, an acces- 
sory for the famous amprobe _  snap- 
around volt-ammeter. 


In products for the electrical industry accuracy of parts 
is of prime importance. Such accuracy is a matter of course 
at Kuhn & Jacob, where closely fitting molded parts by 
the thousands are turned out daily. From design to finished 
piece K & J is ready to meet your molding needs. 


Let us quote on YOUR requirements 


KUHN & JACOB MOLDING & TOOL CO. 


1204 SOUTHARD ST., TRENTON, N. J. 


S. C. Ullman, 55 W. 42nd St., New York, N. Y. 
CONTACT THE Telephone—Penn. 6-0346 
K& J Wm. T. Wyler, Box 126, ae Conn. 
REPRESENTATIVE Telephone—Bridgeport 7-4293 
Wm. A. Chalverus, Carson Road, 
NEAREST YOU Princeton, N. J. 
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ment and disengagement, and positive 
polarization of mating parts. 

Mineral-filled melamine insulator 
bodies house five No. 20 AWG con- 
tacts (5 amp) and two No. 18 AWG 
contacts (7 amp). Contacts are gold 
plated over silver for low contact 
resistance, prevention of corrosion and 
ease of soldering. One-piece molded 
bodies eliminate unnecessary creepage 
paths and reduce number of moisture 
and dust pockets. Voltage breakdown 
between closest contacts at sea level, 
3750 volts d-c; at 60,000 ft, 1100 
volts d-c. Weight of panel-mounted 
receptable, 0.6 oz; weight of cable- 
mounted plug, 1.5 oz. Winchester 
Electronics, Inc., Dept. E. Glenbrook, 
Conn. 

No. 40, Reader Ir r ity, page 


MINIATURE RELAYS 


Designated Class 22, series of tele- 
phone-type relays are furnished in 
hermetically sealed, dust-tight  en- 
closed, and open types. Class 22 
relays are useful for low-wattage ap- 
plications and wherever one relay 
must perform a large number of 
switching functions with minimum in- 
put power. Relays can be furnished 
to withstand shock, vibration and wide 
temperature variations. Coil and con- 





tact spring terminals at mounting end 
of relay facilitates concealed wiring 
of either individually or strip-mounted 
relays. They are available for 60- 
cycle, a-c voltages up to 440; and 
for any d-c voltage up to 230 volts. 
They can be furnished with a variety 
of contact combinations. Specifica- 
tions include: coil resistance, 0.12 to 
21,000 ohms; time delay, slow  re- 
lease to 125 millisec. | Magnecratt 
Electric Co., 1446 W. Van Buren 
St., Chicago 7, Ill. 

No. 41, Reader iry Facility, page 249 


NICKEL SILVER STRIP 


Custom-rolled to close tolerances and 
thin gages and foils, 18 per cent 
nickel silver is available in strip up 
to 6 in. wide, and down to 0.0005 in.; 
tolerances can be held as close as 
+ (0.0001 in. The strip, rolled to a 
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1 25/64 X 61/64” 11/16 X 1/2” 
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HERMETICALLY SEALED 
PULSE TRANSFORMERS 


ecause of the wide variety of blocking oscillator, interstage, and modulator pulse applica- 
tions, the bulk of UTC pulse transformers are designed to customer’s specifications. Through 
versatile design, however, the stock hermetic MIL-T-27 pulse transformers listed below take 
care of most low level applications. Wide ranges of pulse duration, loading, and level are 
obtainable by variations in the manner of connecting the balanced coil structure windings as 
shown in the engineering sheet accompanying each unit. 

The H-40 and H-41 units employ identical windings suitable for different applications 
because of the manner in which the windings are brought out to the terminals. Pulse widths 
from .1 to 5 microseconds are realized with excellent fidelity. H-42 and H-43 are highly minia- 
turized units. They incorporate three equal windings capable of being inter-connected for wide 
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versatility in blocking oscillator, interstage, and impedence matching service. 
Type ee 


Pulse Width Ins. Test 
Microsec. Volts RMS Case 
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ihe MAT 1-4 Magnetic Amplifiers are exceptionally stable units de- 
sgned for the control of 2 phase 400 cycle servo motors. They are 
humpact . . . hermetically sealed . . . magnetically shielded . . . meet 
1-27... high input impedance... high damping ... high gain. The 
output is sinusoidal, amplitude variable, and phase reversible. Control 
lis provided by a dual triode such as a 12AU7 operating with a plate 
voltage of 115 volts, 400 cycles, or higher. The signal to the triode 
gids can be polarity reversible DC or phase reversible 400 cycles. 
Power gain of the MAGNETIC STRUCTURE is approximately 40... re 
wonse time approximately 7.5 milliseconds ... maximum null voltage 
AV.RMS. 

For AC signal control, the circuit of Figure 1 is employed. For 
Oi signal control, Figure 2 applies. Figure 3 shows the use of a 
power transformer (MAT-5) which provides higher plate voltages and 
eliminates the input transformer (MAT-6). The typical response curve 
Wifigure 4 applies to all units, the larger units feeding heavier loads. 


MAG AMP 
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PARALLEL GRIDS - PUSH PULL PLATES 





H-40—«‘ Two 250 ohm windings .. . t tWO 1000 ONM WINGINGS...cccecccccccseecccceeeee 1 to5 1000 RCOF 
H-41 Two 250 ohm windings e . two “1000 ohm windings... sak roe ARE 1000 RCOF 
H-42 Three 250 ohm windings... 5 ROLLE S DELILE LO 500 SM** 
H-43 ‘Three 500 ohm windings........ — ncpeeataieh acinar. aa 500 SsM** 


a impedances shown are nominal, subject to wide variation with application. 
**Mtg. screw is centered on large side of case. 


SERVO MOTOR MAGNETIC AMPLIFIERS 































































TYPE NO. MAT-1 MAT-2 MAT-3 MAT-4 

230 Volt Supply — a a 

Power output 4W 8W 11 W. 18 W. 

RL, ohms 3300 «421600 #&«}1200 720 

Cae =. er ar “a 

115 Volt Supply ~ - P 

Power output — 2 W. 4W. 6W. QW. 

RL. ohms 6500 3300 2200. «411450 

kt 2 2. 45 

Reson. Freq. 40 cyc. 35 cyc. 35 cyc. 20 cyc. 

Log-Decr. ee 2s. 03 65 

Cont. Wdg. Res. 6200 ohms 8450 ohms 4750 ohms 5650 0 ohms 

Case _ 7 / " 

Length. In. 1%4 12 1% 2% 

Width, In. 1'5/, 2% 2/2 3% 

Height, In. 25/6 2% 22'S. 338 = 

Unit Weight, Ibs. 67 _ is. 7 2.75 

MAT-5_115V.-400 cyc. to 460 VCT; provides 230V. 48 MA DC or 460V. 
24 MA DC. RC-37 Case... 13%x1%x 1%... Ye mtg. holes 
lie 2s 356:..... © G2. - eae 

MAT-6 input... 10,000 ohms pri... 1:15 C.T. ratio. . . phase shift 
under ° . RCOF Case. 


ee ee ee a NEW YORK 13, 


EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16,N. Y CABLES: 





















Subject: solder 


As far as cost is concerned, solder is a relatively 
small item in any manufacturing operation 
But solder does a big job. You should have 


the best solder you can buy eee Federated solder. 


For printed circuits Federated CASTOMATIC* 
bar solder, the machine-cast solder 


with no dross, with uniform composition 


throughout each bar. 


For joining work Federated Rosin Core 


(RTS 200) wire solder in all 


commercial gauges and compositions. 


AMERICAN SMELTING AND REFINING COMPANY 
120 BROADWAY, NEW YORK 5, N. Y. 
In Canada: Federated Metals Canada, Ltd., Toronto and Montreal 


Aluminum, Magnesium, Babbitts, Brass, Bronze, Anodes, Zinc Dust, 
Die Casting Metals, Lead and Lead Products, Solders, Type Metals 
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high finish, is available in any quan- 
tity. Typical uses include: diaphragms, 
instrument spring, contact material on 
commutators, as well as for stamped, 
drawn or spun products. Industrial 
Div., American Silver Co., Inc., 36-07 
Prince St., Flushing 54, New York. 
No. 42, R: nquiry Facility é 


MAGNETIC AMPLIFIER 
POWER SUPPLY 


Magnetic amplifier regulated power 
supply is rated at 10-40 volts at 30 
amp for continuous duty and has a 
regulation accuracy of + 1 per cent 
from: 10-40 volts d-c, from 100-130 
volts a-c, and from 3-30 amp. Desig- 
nated Model MR1040-30, it is de- 


signed for an a-c input of 100-130 


ef II 






volts, single phase, 60 cycles; ripple 
is | per cent rms. It has a response 
time of 0.2 sec max, with the re- 
sponse being independent of the out- 
put voltage setting. The power supply 
is provided with a 442-in. ammeter and 
voltmeter. Dimensions: 22 in. wide, 
15 in. deep, and 23 in. high. Weight, 
approximately 175 lb. Perkin Engi- 
neering Corp., 345 Kansas St., El 
Segundo, Calif. 
No. 43, R¢ 


SINGLE-CONTACT 
CONNECTOR 

High-voltage single-contact cable and 
panel connector, Series C-20 can be 
used as a feed-thru, providing a means 
for passing a single lead through a 
rack and panel arrangement with the 
hood as a grip for disconnecting both 
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( Advertisement) 


YOUR .5-FOOT SHELF 
IS NOT COMPLETE 


... without these popular classics 
for engineers...published in pro- 
fusion by the Technical Information 
Service of Helipot Corporation... 
leading litterateurs of precision 
potentiometers ...as befits the 
world’s largest manufacturer 
thereof. 


Accuracy of Potentiometer Linearity 
Measurements by Robert McDonald 
and Irving Hogan...reprint of a 
research report originally published 
in the August 1953 issue of Tele- 
Tech & Electronic Industries... a 
study revealing that calculated line- 
arity-error values are far less relia- 
able than previously believed. Ask 
for Data File No. 518A 


Characteristics of Precision Servo Com- 
puter Potentiometers by Donald C. 
Duncan...reprint of a talk pre- 
sented at the American Institute 
of Electrical Engineers Conference 
on Feedback Controls Systems. Ask 
for Data File No. 518B 


Computing with Servo-driven Potenti- 
ometers by F. R. Bradley and 
R. D. McCoy... reprinted from 
Tele-Tech & Electronic Industries 
...an examination of linearity and 
loading effects in analog systems... 
showing how errors may be elimi- 
nated... practical circuit techniques 
...restriction of potentiometer 
range, preloading, unloading with 
feedback amplifiers. Ask for Data 
File No. 518C 


Electrical Noise in Wire-wound Poten- 
tiometers by Irving J. Hogan... 
reprint of a talk presented at the 
1952 West Coast I.R.E. Conven- 
tion...classification of noise by 
origin, methods of observing and 
measuring, system of units for ex- 
pression of noise values. Ask for 
Data File No. 518D 


Helipot Condensed Catalog...describes 
every model of Helipot* precision 
potentiometer and turns-counting 
Duodial...includes quick-compar- 
ison table of specifications for all 
series. Ask for Data File No. 518E 


Helipot Model Selector...this handy 
device enables you quickly to de- 
termine the electrical and mechan- 
ical characteristics of all Helipots 
... provides easy reference to fre- 
quently used electrical data. Ask 
for M.S. No. 518F 


*T.M. REG. U.S. PAT. OFF. e 275 


HELIPOT makes a complete line 
of single-turn and multi-turn pre- 
cision potentiometers, and turns- 
counting DUODIALS. Many models 
are regularly carried in stock for 
immediate shipment. 
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Helipot corporation. 
a division of BECKMAN INSTRUMENTS, INC. 


SOUTH PASADENA, CALIFORNIA 


PLANTS AT SOUTH PASADENA & MOUNTAINSIDE, NEW JERSEY 
ENGINEERING REPRESENTATIVES IN PRINCIPAL CITIES 


first in precision potentiometers 
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5 KW portable regulated 400 
eo For precision Hi-Cycle power gener- cycle motor -generator set with 


integral control panel. 
ating equipment to meet one of a myriad 
of special power requirements ranging 
from highest quality laboratory power to 
precision electronic testing, industry re- 





lies on Bogue Precision Power. Bogue as 
Variable frequency 320 to 1000 


the recognized leader in the Hi-Cycle field cycle M-G set. Bogue magnetic 
ar amplifier maintains voltage and 
offers these performance characteristics— frequency to within one-half of 


1% of any preset value. 





5 KW low harmonic set. 400 
cycle regardless of input volt- 
age, loading or heating. 


For example, Bogue special 400 cycle 
single shaft, two-bearing synchronous 
motor driven units eliminate belts, gears 
and other special speed changers, yet, 
faithfully deliver 400 cycles— exactly — no 
load to full load regardless of voltage 





a F 400 cycle voltage & frequency 
variations ....truly the standard of 400 regulated inverter. Operates 
from 28 volt DC supply. 


cycle power....the reason so many 
prominent companies have been depend- 
ing on equipment built by Bogue Electric 
Manufacturing Company... 













Zz 
2 
54 IOWA AVENUE @ PATERSON 3, NEW JERSEY = 
~ > 
, Ye, y 
Low harmonic 400 cycle AC & ] e 
generator and low ripple 28 892 
volt DC generator, synchron- 
ous motor driven. 
REQUEST 
ILLUSTRATED 
CATALOG 440 


Dual output 10 KW, 400 
cycle and 200 amp. 28 
volt output portable unit 
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parts. The miniature connector has 
an extra-long barrier for high arec- 
resistance applications. Accidental dis- 
connection between plug and socket is 
prevented by the construction of a 
vibration ring with detent action- 
looking vibration spring. 

Connectors are available in three 
materials: Mineral-filled (asbestos) 
melamine, Plaskon alkyd reinforced 
(glass) 440A, and Diallyl Phthalate, 
The precision-machined socket and pin 
contacts are of spring temper phosphor 
bronze and brass, respectively, gold 
plated over silver for low contact re- 
sistance and ease in soldering. All 
plating withstands a 50-hr soft spray 
test. Electronic Sales Division, DeJUR- 
AMSCO Corp., 40-01 Northern Blvd., 
Long Island City, N. Y. 

No. 44, F 


RECORDER-CONTROLLED 


Applications of recorder-controller 
instruments include recording and 
control of temperature, conductivity, 
strain, force, position, and pressure, 
as well as for telemetering applica- 
tions. Operating on the null-balance 
principle using a-c signal actuation, 
the instruments require no_ batteries 
or standardizing circuits. Recorded 
accuracy is + 0.5 per cent. Flexibility 
is provided by simplified unit assem- 
bly. The recorder is composed of only 
four interchangeable units. The bridge 





components are contained in a single 
interchangeable unit, permitting easy 
range changing as well as adaptation 
of the recorder for various measure- 
ment purposes. The bridge unit is 
also available with up to four inputs, 
permitting averaging, addition, or 
differention. 

A range of nickel, tungsten, and 
platinum resistance temperature de- 
tectors is available, covering tempera- 
tures of from —200 to 500 C (—328 
to 932 F). All except the platinum 
bulbs feature linearized chart scales. 
A variety of controls, both electric 
and pneumatic, is available. Char- 
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Electrical Properties of Glass Fabrics Coated with 
Du Pont TEFLON’—Single Ply Tetrafluoroethylene Resin 


. PRODUCT 3 MIL 5 Mit 6 MIL 8 MIL 10 MIL 14 MIL 
QUALITY CODE 403-108 405-112 406A-116 408-128 410-128 414-141 


METHOD OF TEST 


Surface Gre resistance, 8OCcceecccecccevececess 


Dielectric strength, Y'’ electrode, v/m., avg..+..- 
Dielectric constant 60 cycles...... oedecesee eee 
1,000,000 cycles 
Power factor, 60 cycles 
1,000,000 cycles .....44. cepewas 
Volume resistivity, ohm-cm., room conditions: 0-257 
ee ee 0-257 


Insulation resistance, ohms 


POG tes, ct GOR Be SSO hicccovcccceecees D-257 (Fig. 2) 





These properties—plus low-temperature flexibility 
—make possible motor insulation 


that will not crack in operation at —1OO°F. 


Because glass fabrics coated with 
Du Pont “Teflon” will stay pliable 
at temperatures below -—100°F., 
“Teflon” insulation will not crack in 
a motor started under arctic condi- 


“Teflon,” and its inertness to all solvents except molten 
alkali metals, you begin to realize the many possible 
ways of using “Teflon” coated glass fabrics to your 
advantage. 

“Teflon”? coated glass fabrics, tapes and laminates 


tions. And yet these coated glass 
fabrics are stable at high tempera- 
tures, too—show essentially no 
weight loss after 6 months’ expo- 


provide insulation in excess of Class H requirements. 
Among the many electrical uses for these fabrics are 
motor and generator insulation, transformer and coil 
insulation and as a wrapping for radio hookup, low-ten- 





sure at 482°F. It’s the unique com- 
bination of electrical, mechanical, 
chemical and thermal properties of ““Teflon”’ coated glass 
fabrics that enables them to solve so many engineering 
problems. 

When you consider the strength and toughness of 


sion aircraft cables, thermocouple lead wires and cables. 

Du Pont has prepared a technical bulletin on glass 
fabrics coated with ““Teflon.’”’ When you read it, you'll 
think of many ways to profit from putting them to work 
for you. Fill in the coupon and mail it 
today for your copy. 






| 
e 6 
Glass Fabrics Coated with ee ee | 
Fabrics Division, Newburgh, N. Y. | 
DU PONT Gentlemen: 
I am interested in receiving your technical bulletin and other | 
? “ ie L Oo « information on ‘“Teflon’”’ coated glass fabrics. The application(s) | 
I am considering are | 
tetrafluoroethylene resin | 
“ al I an leaned I acacia iach | 
Product of Fabrics Division 
Firm | 
| 
Address | 
Seer City State | 
BETTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY a | 
Seiscniintinns iieniadinienssienenencamminersabiipnesinepeniananinnigiiniitmmimimmeiaal J 
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THIS OVERLOAD RELAY! 
permits starting 
lor high speed, 
high inrush, 
hermetically sealed 
motors (3600 RPM)| 
fand still 
protects at 115! 
to 125% of 
running current. \ 
| What other relay 


can do this? 





Write for Bulletin 
5101A on Silic-0-Netic® 
[ Overload Relays. 





ELECTRIC COMPANY 


99 PLUM STREET e@ 


TRENTON 2, N. J. 
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acteristics include: sensitivity, +0.5 
per cent of full scale; pen speed, 3.5 
+ 0.5 sec full scale; and dead zone, 
0.1 per cent of full scale. Input is 35 
microvolts, 60 cycles, a-c (min); in- 
put impedance 260,000 ohms; power 
supply, 117 volts 50-60 cycles nomi- 
nal, Fielden Instrument Div., Robert- 
shaw- Fulton Controls Co., 2920 North 
4th St., Philadelphia 33, Pa. 

e No. 45, Reader Inquiry Ff ity 


HEAVY-DUTY 

PHENOLIC SOCKET 

Designed for long life, heavy-duty 
molded phenolic socket features a 
double-thick, impact-resistant case, a 
shell 0.006 in. heavier than 
standard, and a Levolier switch mech- 


screw 






Red plastic button to 
actuate new push type 
mechanism 


Shell completely 
smsulated with 
@o exposed 
metal 


The socket is fully insulated 
Its cap 
and casing screw together at the lever 
for quick opening and easy wiring. 
The 4300 series sockets are available 
with both push-button and universal 
lever control. McGill Manufacturing 
Co., Valparaiso, Ind. 
No. 46, F 


anism. 
and has no exposed metal. 


MINIATURE 
POWER RESISTOR 


Ruggedized miniature power resistor 
designed to withstand shock are desig- 
nated type RSE. Available in 2, 5 
and 10 watt sizes, they are sealed in 
a special silicone coating, and housed 


in black metal tubing. The resistors 


“om 
ro a 
SC ea 
eS 
‘ 


HEMT 


“...@ great time-saver” 








These manufacturers’ catalogs 
are instantly available in Section 
1A of your Product Design File: 


Allegheny Ludlum Steel Corp. 
Aluminum Co. of America 
Ampco Metal, Inc 

Apollo Metals Works 
Armco Stee! Corp. 
Babcock & Wilcox Co 
Baker & Co. 

Beryllium Corp. 
Bethiehem Steel Co 
Bishop, J., & Co 

Brooks & Perkins, inc 


Bundy Tubing Co 

Carpenter Steel Co 
stainless steel 
steel tubing 

Dow Chemical Co 


Fairmont Aluminum Co 
General Electric Co 
Globe Stee! Tubes Co 
Great Lakes Steel Corp 
N-A-X Alloy Div. 
International Nickel Co 





Jones & Laughlin Steel Corp 
Kaiser Aluminum & 
Chemical Sales Inc 
Michigan Steel Tube 
Products Co 
Mueller Brass Co 
Ohio Seamless Tube Co 
Republic Steel Corp 
Republic Steel Corp 
Steel & Tubes Div 
Revere Copper & Brass Inc 
Reynolds Metals Co 
Rigidized Metals Corp 
Rochester Products Div 
General Motors Corp 
Rodney Metals, inc 
Sharon Steel Corp 
Standard Tube Co 
Superior Tube Co 
U. S. Steel Corp 
Washington Steel Corp 
Weirton Steel Co 
Werner, R. D., Co 


In other sections of the File you 
will find additional catalogs 
containing useful information on 
product forms, characteristics. 


performance and use. 


Sweet’s Catalog Service 


Division of 

F. W. Dodge Corporation 
119 West 40th Street, 
New York 18, N. Y. 
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Our Blue Ribbon Resistor—designed in 1939—was the 
first flat or strip resistor in the field. And now, though 
there are others of similar type, the Hardwick, Hindle 
Blue Ribbon still holds first place—and is still winning 
“blue ribbons,” and such comments as quoted above. 

Although its basic design is the same, recent im- 
provements assure you “the finest flat resistor made.” 

Our crazeless gray enamel completely eliminates 
the disastrous crazing which results in failure of the 
resistive element due to moisture penetration from 
humidity, salt and other severe atmospheric conditions 
—thus giving greater dielectric strength. 

The aluminum thru-bar, in contact with the internal 
surface of the ceramic core, distributes the heat more 
uniformly along its entire length—than conventional 
tubular resistors. 

The studs—corrosion and rust resistant—are peened 
to serve as mounting supports and also to permit the 
stacking of two or more units when space need be 
saved. And our unique method of fastening the tube to 
the thru-bar prevents loosening under vibration. 

As compared to the conventional tubular resistor 
Blue Ribbons give you: 
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1. Higher wattage rating per unit space require- 
ment. 


2. Reduction in space behind the panel or mount- 
ing surface. 


3. Sturdy but simple mounting, either single or 
stacked. 


4. Lighter weight. 

5. Lower induction. 
Our Blue Ribbons are designed for and manufactured 
in accordance with JAN-R-26A specifications. 

Send for our catalogue, showing these and other 
Hardwick, Hindle resistors of distinction. 


HARDWICK, HINDLE, INC. 


Rheostats and Resistors 
Subsidiary of 


THE NATIONAL LOCK WASHER COMPANY 


Established 1886 
NEWARK 5, N. J. U.S.A. 


The mark of quolity 





For more than a quarter of a century 






















are impervious to moisture (95 per 
cent RH at 40 C for 24 hr). They 
feature welded construction from ter- 


@ 
minal to terminal, and have a tem- 
perature coefficient of 0.00002 per deg 
—_—_—— 5 C. Ranges are from 0.05 to 55,000 









ohms. Tolerances of 0.05, 0.1, 0.25. 
0.5, 1 and 3 per cent are available. 
Dale Products, Inc., 1306 28th Ave.. 
Columbus, Nebraska. 

No. 47, Re ur 


HERMETIC 

MERCURY SWITCH 

Hermetically sealed mercury switch 
requires low loading of the activating 
system, providing accuracy when used 
as a_ position-indicating and _ limit 
switch in conjunction with precision 
equipment. Typical applications: re- 
volution counters and recorders, coin- 
operated machines and _ laboratory 
equipment where little activating 
power is available. Standard oper- 
ating ranges are from 12 volts at 0.25 
amp to 120 volts at 1 amp. 


Te Ta) 


Since Teflon first became available, mat NUTS) 


‘John Crane’’ has successfully 
engineered its er to solve 
innumerable and widely varying F 

problems. Typical of this is the aia Purity 
development of packings and other 
products for handling corrosive 
liquids and gases. Other important 
examples include production of 
electronic parts of high dielectric 
strength and low loss factor for vhf. 
uhf. and microwave insulation; also 


HRC 





Enclosed in a glass tube, all con- 


in the employment of its anti-stick tacts are visible for inspection and 
characteristics in the handling of adhesive materials. indication of whether circuit is open 
sats ; or closed. Contacts are not subject to 

These and other application developments are closely tied idati fans elias asians de 
with “John Crane’s” fabricating technique, which has resulted —— es ee - 
in Teflon products of the finest uniformity, controlled density, sticking. | Magnetically operater — 
product purity and accurate dimension. is a SPDT switch. In operation, as a 
Teflon is available in rods, tubing or sheets or in special small moving magnet approaches the 
molded and machined forms such as bellows, “C-V” Rings, armature within the switch, the elec- 
braided packings, valve discs, electrical parts, washers, dough trodes are moved in and out of the 
Sheeting rolls, heat sealing jaws and countless mercury. No mechanical friction is 
other forms. Glass, carbon or graphite filled 3 — : Tube 
Teflon is also available. involved, insuring long life. Tube 


dimensions are 1% in. diam x 2'2 in. 
long. Hamlin, Inc., Dept. E-7, 1316 
Sherman Ave., Evanston, Ill. 

ircle No. 48, Reader Inquiry Facility, page 249. 


Consult ‘John Crane” on your requirements. 
Send for 12-page illustrated catalog, The Best 
in Teflon, containing important data and sug- 
gested applications. Crane Packing Company, 
1824 Cuyler Ave., Chicago 13, Il. 
OuPons Crane ny Ltd. 


617 Parkdale Ave., N. 
Hamilton, Ontario 


ene | WIRE STRIPPING SOLUTION 
Wire stripping solution SUPER-Var 
No. 622 is a free-flowing, paste-type 
stripper designed to remove Formex, 
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Formvar and enameled coatings from 
wire. In use, the wire to be stripped 
is dipped into the solution for a few 
seconds, withdrawn and exposed to 
air. The wire is wiped clean with a 
cloth when the insulation appears to 
have disintegrated; no neutralizer is 
necessary. Fidelity Chemical Products 
Corp., 470-474 Frelinghuysen Ave., 
Newark, N. J. 

rcle Ne. 49, Reader Inquiry Facility, page 249 


MINIATURE P-M GENERATOR 


Rated for continuous duty with an out- 
put frequency of 20 cps and a maxi- 
mum harmonic distortion of 3 per 
cent, Type 44A generator is suitable 
for instrument-indicating and other 
similar applications. Unit develops 33 
volts of 2-phase a-c at 4500 rpm; 
voltage is linear with speed. Internal 





winding resistance is 30,000 ohms per 
phase. Weight is 8 oz. Dimensions: 
134 in. OD x 2% in. long; shaft extends 
0.340 in. Special shaft arrangements, 
including splines, keyways, and gears 
can be supplied. The generator is 
pressure-sealed and has permanently 
lubricated bearings. Electrical leads 
or terminations can be supplied in 
required types. Dalmotor Co., 1323 
Clay St., Santa Clara, Calif. 

No. 50, Ri ry F it 


PRESS BRAKE 


Hand-operated 24-in. press brake, with 


Y ; 
| 
| 
| 
| 
| 
| 


| 


an eight-ton capacity, incorporates a 


cam lever mechanism which provides 
sufficient power for forming, blanking, 
piercing, drawing, and trimming oper- 
ations, as well as a ratchet drive sys- 
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Fractional HP Motodrive 


NEWEST DESIGN FOR 





VARIABLE SPEED 


112 ASSEMBLIES 


to choose from— 
HORIZONTAL MODEL engineered to your exact 
requirements! 





CHECK ALL THESE NEW, REEVES FEATURES 


1 New redesigned, more compact drive gives you speeds from 3 to 4660 RPM 
. . speed ranges from 10 to 1! 





2 New “‘all-position,’’ 14-turn handwheel gives operator sensitive, minutely- 
accurate speed control from a position most convenient for the installation! 


3 New “‘all-position”’ output shaft permits driving in any direction—horizontal 
or vertical down! 


4 New spiral groove lubrication with exclusive overflow outlet provides com- 
plete lubrication of all sliding surfaces for trouble-free operation at all times! 


REEVES PULLEY COMPANY + COLUMBUS, INDIANA 


Send Today for Complete Information! 
Specify Bulletin EM7-M543. 
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| tem that multiplies the power for 


, big i sai ties lk ‘ 4 heavy forming. Designated the Di- 
ie ek | ae | t.28 =e “aa! 1 i Acro Press Brake, the unit will form 
or atti Bae eae 16-gage mild sheet steel across the 

Pare se RBPSR? Pe . — 


full 24-in. forming width, and 10-gage 
mild sheet across a 12-in. forming 


ae 
Sig phen 


, Page : width, as well as inconel, brass, alumi- 
a8 cae oes % = = a ar a num, stainless steel, chrome molyb- 
bil vv vv oe ‘ : fa Ee denum and other ductile materials. 
Specifications include: width of stroke. 
24 in.; stroke of ram, 2 in.; and depth 
of throat, 6 in. O'Neil-Irnwin Mfg 
Co., 532 Eighth Ave., Lake City 
Minn. 
No. 51, 


SMALL STAMPINGS 


Typical of over 1000 different stamped 
parts available on special order are 
solder lugs, terminals, and contacts 
Facilities for high production runs 


4 a 

y bf 

° : 5 = G ’ 
* * ¢ a £ 
Bf ae XS 
ty, $ a + “sehisoe 


result in lower cost. Base metals in- 
clude brass, copper, berylium copper, 
phosphorus bronze and steel. Malco 
Tool Co., 4025 W. Lake St., Chicago 
24, Ill. 

No. 52, F 


SENSITIZED 
REPRODUCTION PAPER 





Prints made on improved sensitized 

paper for use with diazo process offer 

RATED VOLTAGE MAINTAINED DURING three advantages: sharper contrast, 

excellent reproduction, and more uni- 

° form density. The paper is said to 

SEVERE OPERATING CONDITIONS with [iteenmmeenmeerrensen 

in pencil sketches. Based on a new 

~§= ~ fall 38 formula, the paper is available in 

FEEV-1=B-0=FY . three speeds, in both sheet and roll 

form, up to a maximum width of 54 

CONTROL CIRCUIT TRANSFORMERS in. Charles Bruning Co., Inc., 4700 
Montrose Ave., Chicago 41, IIl. 


No. 53, R 





Hevi Duty Transformers are specifically designed to reduce the voltage drop 
to the holding coils of contactors, relays, and similar equipment at peak in- 
rush periods. Well anchored coil terminals eliminate the need for terminal 
boards. Notice how these compact, neat appearing Hevi Duty Transformers 
save valuable panel space. Sizes 20 V.A. to 10,000 V.A. We are experienced Each of the six Multiple Reprints 
in the production of specialty transformers. now available (see reviews on 
page 248) are obtainable at reduced 
cost in quantity; grouping of or- 


Multiple Reprints 


Write for data and regulation curves — Bulletin T-5111. 


A ee 8 


MILWAUKEE 1, WISCONSIN 
Heat Treating Furnaces... Electric Exclusively 
Dry Type Transformers Constant Current Begulators 


ders saves handling and shipping 










expense. 
For quantity prices and ordering 





information see page 248. 
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So you must get cost down in 
designing that assembly? That's just 

the time to enlist Clarostat's 

cost-saving talents and facilities. 

The same superlative engineering and 
production skill that accounts for the finest 
quality in controls and resistors, is also 
available for designing and fabricating 
cost-reducing components. 

Three typical examples are presented 
herewith. These are standard items, 
promptly available in any quantities, 

at marked savings. And for any 
extraordinary requirements, special 
controls and resistors can be 

developed, tooled-up and produced. 
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CLAROSTAT MFG. CO., INC., DOVER, NEW HAMPSHIRE 
































The original ‘‘Humdinger’’ 
Series MH. Compact, rugged, 
wire-wound control. Virtually 
millions in use. Fibre base holds 
resistance winding. Movable arm and 
shaft. 1-watt. 2 to 1000 ohms. 


Latest ‘‘Humdinger’’ Series 39. 
Metal-case mounted with rivets or 
screws. Mounting surface serves 

as cover. Semi-fixed setting by 
screwdriver slipped into rotor slot 
—no shaft. 2-watt. 4 to 5000 ohms. 


Twist-Tab Mounted Series 47. 
Eliminates usual bushing, 
lockwasher, nut. Composition- 
element control. Metal or plastic 
shaft. Plastic shaft has rear 
slotted protrusion, therefore 
adjustable from front or rear. 


**Trade Mark 


In Canada: CANADIAN MARCONI CO.), Ltd., Toronto, Ont. 


219 

































Laboratory 


and 


Engineering 
Equipment 





PHOTOGRAPHY 

LIGHTING UNIT 

[lumination for photographing equip- 
ment during laboratory testing pro- 
cedures is supplied by a_ portable 
lighting device using ordinary photo- 
Hood bulbs and equipped with a 
camera mount and a built-in dimmer 


make flight safe! 





Miniaturized muscle men perform exact- switch. Designated the Flexmaster, 


ing control tasks on signal from electronic the four-lamp unit, in operation, floods 
with light whatever is seen in the 
camera view finder. Also provided 


with the equipment is an exposure 


amplifiers ! 


Another example of Oster precision 
quality motors for avionics and for other dial calculator indicating the proper 
camera settings. Unit is compact and 
equipped with flexible arms. Mayfair 





closed-lov yp cont rol systems. 


Oster Avionic Products conform to mili- Manufacturing Co., 89-93 Grant St., 
tary specifications for altitude, high and Lightweight Oster Motor type Brooklyn, N.Y. 
low temperature, life, shock, vibration, 2W-2084 delivers 1/500 H.P. No. 34, t e 249 


@ 6500 RPM on 24 to 29 
volts DC. Suitable for push- 


spray. pull, plate to plate opera- | TRANSISTOR 
tion. This motor will fill your | ANALYZER 


needs in computer, fire con- 


humidity, fungicidal treatment and salt 


You can depend on Oster quality in 


rotating components for automatic control. trol, and autopilot systems. Model TA-2 Transistor Analyzer is a 

| negative resistance and characteristic 

Other OSTER Avionic curve tracer which has been designed 

Products include: | for use with a laboratory oscilloscope. 

Insure dependability . . . specify Oster © Special motors: Servos, | !t Will trace all negative resistance 


Synchros, Drive Motors, 
Blowers and Fans 


>» — 


aaa JOHN OSTER pH @® Synchro generators, con- | 


MANUFACTURING COMPANY 


trol transformers, trans- 
mitters, differentials, | 

AVIONIC DIVISION eokdoncs nui tumivees, | 

RACINE, WISCONSIN Two-speed synchros and _ | 

reference generators, 

@ Tachometer generators. 

@ Aircraft actuators, both 

linear and rotary. 
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Two 50 hp Type CP-1 totally-enclosed fan-cooled 
ter eas motors with increment starters, drive compressors 


in an air conditioning installation in a hotel. 
ods 


the 
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ned This 100 hp 3 step increment start motor, with double extended shaft, 
ope. drives two refrigeration compressors in an Atlanta hospital. 
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LOW FIRST COST—The combina- 
tion consists of any of the Wagner 
Motors shown below at left and 
two-step increment starter that 
requires no autotransformers or 
resistors. 


EASE OF INSTALLATION —Con- 
nections are simple and easy to 
make. 


MINIMUM MAINTENANCE— 
Wagner Motors require no main- 
tenance other than periodic lubri- 
cation, and the increment starter 
is virtually maintenance free. 

WIDE APPLICATION— The combi- 
nation is widely used for large air 
conditioning and refrigerating in- 


ELECTRIC MOTORS 


e+. the choice of leaders 
in industry 







ELECTRIC MOTORS @ TRANSFORMERS e@ 


6454 Plymouth Ave. e St. Louis 14, Mo., U.S. A. 


stallations, and for many industrial 
applications where reduced cur- 
rent draw at start is required or 
desirable. 


5 PROVEN DEPENDABILITY — 
Wagner has been supplying this 
combination for more than four- 
teen years... its steadily growing 
popularity is proof of its de- 
pendability. 


6 POWER COMPANY ACCEPTANCE 
— Most power companies have ap- 
proved the use of this Wagner 
combination because it reduces 
voltage fluctuations and does not 
open the line during the starting 
period. 


This 75 hp open type normal torque motor, with 
increment starter, drives a compressor in a Govern- 
ment building in Washington, D. C. 





A 40 hp open type high torque motor with an increment starter, 
drives this compressor in a Houston office building. 


WAGNER ELECTRIC CORPORATION 


INDUSTRIAL BRAKES 


AUTOMOTIVE BRAKE SYSTEMS — AIR AND HYDRAULIC 


BRANCHES IN 32 PRINCIPAL CITIES 
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Before you tape-see 





Pressure-Sensitive 
Electrical Tapes 


Get the Right tape 
for Each job 


f > BECAUSE PERMACEL pressure-sensitive tapes speed 

” \ oe the assembly and simplify the design of electrical 

== equipment, they are being used for more and more 

jobs. All this is possible due to a new, more complete variety of tape 
materials which give full protection for each application. 


WHEN YOU WANT A STRONG, flexible tape for 
holding down heavy wires or filling space, use a Per- 
macel cotton cloth electrical tape. The same features, 
plus higher resistance to heat, require a glass cloth tape. If a job demands 
excellent dielectric strength and insulation resistance, besides thinness, 
stretchability, and good strength, use an acetate film or acetate cloth tape 
or combination film-cloth tape. Extreme thinness, heat resistance, and 
high dielectric strength requirements are met with Permacel “Mylar” 
film tape. Perhaps you need the versatile balance of strength and thin- 
ness offered in a flat-back electrical tape. Or maybe the job calls for a 
crepe paper tape which can stretch around odd shapes. There also is 
Permacel vinyl film plastic tape which will mold itself to irregular sur- 
faces to save space and also provide excellent dielectric strength and 
insulation resistance. 


C 2 S IDEAL INSULATING and fastening properties for par- 
ticular purposes are further assured because of the 
pure adhesives tailored to each Permacel tape. You’re 

certain of fast, sure adhesion with just a “feather” touch. And, since most 
tapes have heat curing adhesives, you’re assured of permanent holding at 
elevated temperatures when needed. 


ALL PERMACEL TAPES are made with their particular 
function in view. And they’re all sold by IMC. They 
are used for all kinds of electrical and electronic fast- 
ening and insulating work, such as anchoring leads, coil windings, or 
insulation parts. Splicing wires, wrapping coils, edging slot insulators, 
binding wire harnesses, wrapping cables and bus bars, and protecting 
against chemicals and physical abuse, are other uses. Ask your nearest 
IMC cffice for prices, technical information, and samples. 


INSULATIO 


*CHICAGO 6 
565 W. Washington Bivd. 
Phone CEntral 6-7320 








ec ane ry 
u 


MANUFACTURERS 
CORPORATION 
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* CLEVELAND 14 DAYTON 2 
1231 Superior Ave., N. E. 120 W. Second St. 
Phone SUperior 1-2310 Phone Michigan 1391 


MILWAUKEE 2 


PITTSBURGH 22 DETROIT 2 PEORIA 
535 Smithfield Street Harry 8. Brethen W. C. Johnson 
Phone GRant 1-7100 15 Lawrence Ave. 101 Heinz Court 

Phone TOwnsend 8-2577 Phone 2-7786 


*Local Stocks Available 






_ PERMACEL 


312 E. Wisconsin Ave. 
Phone BRoadway 6-5359 
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curves of both n-type and p-type point 
contact transistors. Since all circuit 
parameters controlling the negative 
resistance curves are available as 
metered variables on the front panel, 
the Model TA-2 enables the user to 
visually design any negative resistance 
circuit around a_ given _ transistor 
quickly. The TA-2 will also deter- 
mine the applicability of any transistor 
in a given negative resistance circuit. 
In addition, the TA-2 will trace the 
collector characteristics, Ree, for both 
grounded emitter and grounded base 
connections, and the transfer char- 
acteristic, Riz, of n-type and p-type 
point contact transistors and n-p-n and 
p-n-p junction transistors. Polyphase 
Instrument Co., Bryn Mawr, Pa. 
No. 55, Re ry Facilit 


TORSION SPRING TESTER 

Universal tester is designed to check 
loads and deflections of torsion, double 
torsion, spiral, clock and power 
springs. Tester meets requirements of 





National Bureau of Standards for pre- 
cision scales and is accurate within 
'4 of | per cent. Torsion springs hav- 
ing wire diameters from 0.005. to 
0.125 in. and an '4-in. to 6-in. OD, 
can be tested for torque from % in.-oz 
to 48.-lb; lengths may range from ‘46 
to 6 in. Tests of torque and angular 
travel can be made at rates of 3-600 
per hr. Accessories provided inlude: 
15 arbors (45 in. to % in.), block of 
weights (%4 in-oz to 4-in.-lbs.) five 
8 in.-lb weights, and two adapters for 
extremely small springs. Weights are 
marked to show torque. Dimensions: 
9 in. high, 11 in. wide, 15%4 in. long; 
shipping weight, 35 lb. The Carlson 
Co., 277 Broadway, New York 7. 
No. 56, Ré« ry | ty £ 


HOOK-ON VOLT-AMMETER 


Automatic scale changing is a feature 
of hook-on volt-ammeter, Model AK-5. 
This feature of the pocket-size unit 
eliminates the possibility of reading 
the wrong scale. Model AK-5 has a 
current range of 5/20/80/350 amp. 
The 5-amp range permits load checks 
on fractional-horsepower as well as 





Fansteel 


RECT 


Write for 
Engineering 
Data 





Preference! 





FANSTEEL METALLURGICAL CORPORATION, NoprtH CHICAGO, ILLINOIS, U.S.A. 
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DPDT 


@ 1”01A.« 14/4” 
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we 
@ SUB-MINIATURE DPDT & 
@ ANTI-VIBRATION 


7/8" 23/32” rH 
@ SUPER-RUGGED 


WIDE SELECTION OF RELAY TYPES... 


| 

| ‘ ° ’ 

low-energy control circuits. The in- 

strument also measures a-c voltage in 
three ranges (150 300.750) without 


Sensitive from .010 watts. Hi temperature and temperature com- Bioww cel sakiliiinie ideas 
pensated. Fast operate or time delay. Frequency tuned (vibrating kine nt eee i oy i ee 
reed type). racy up to 3 per cent of full scale, 
Designed to meet or exceed and withstands a voltage breakdown 
MIL R 5757B | test of 4000 volts a-c. 

Vibration: Withstands to as high as 20 Gs to 1000 cycles per The AK-5 will clamp around any 
second. Temperature range: —65° to 200°C. Life: Into the mil- conductor up to 2 in. in diam. Its 

lions of operations. Open or hermetically sealed. Optional plug- sicatemanaeil’- Uelinente. inleaas 
in or solder terminals. Variety of mounting arrangements. High a See ore ae eee 
contact current. | the hook-on assembly, which is cov- 
SEND FOR CATALOG AND ENGINEERING DATA | ered with insulation to help safeguard 


against grounding or short-circuiting. 


The desired range and scale is ob- 
tained by turning the unit's switch 
knob. Current scales are marked in 





black: voltage scales in red. The 
9010 BELLANCA « LOS ANGELES 45, CALIF.* OREGON 83814 | device is shock-resistant and is pro- 
a | vided with screw-in voltage leads. 
Dimensions: 9g x 3446x 1% in.: 
weight, 1% Ib. General Electric Co.., 
1 River Rd... Schenectady 5, N. Y. 

No. 57, r t 





Processed Compression Springs 


and reduced spring cost VACUUM TEST CHAMBER 


I. 1] , . 

* Beryllium Copper | Vacuum chamber makes it possible 
com j ; i . . 
oe springs are rs _ Strength W resistance of _—— | to keep tested unit under observation 
: d after forming igh conductivity Stabilit rrosion | at all times. The jar, which encloses 
oe nile strength of © uniformit t Y at elevated | a working space 24 in. high and 24 in 
185,000 to 220,000 psi W reduced emperatures ae. oF ee 

eee Psi. Jala Ai and drift “ reduced inspection and | in diam, cannot be raised unless the 
Springs offer olerances as ; q ace ee rd 
sembl controls are in the “dive position. 
you many advant v lon . Y Costs si foe 
iii 9 endurance life less Space required A power hoist facilitates raising and 


of springs 


lowering. Capable of simulating alti- 
tudes up to 100,000 ft, the test 











For full inf 


ent Specialties Ga tas. 


M2548 BERGEN BLVD., LITTLE FALLS, NEW JERSEY | 
Telephone Little Falls 4-0280 i 
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A“BRAIR CBLL” for the 


Electronic Calculator by 


B % 








IBM’s “701,” designed to shatter the time barrier 
confronting technicians working on vital defense 
projects, is the latest development in electronic cal- 
culators. Its overall speed is 25 times that of its 
predecessor, the IBM Selective Sequence Electronic 
Calculator, popularly known as “the electronic brain.” 
The “70O1," known as the IBM Electronic Data Pro- 
cessing Machines, consists of eleven compact and 
connected units. It performs in a few minutes 
calculations which would require seven years for 
a competent operator using desk mode! calculat- 
ing machines. 


The actual calculations are performed in the 
Electronic Analytical Control Unit. Erie assembles 
and wires 274 different eight tube multiple pluggable 
units similar to that shown above for every IBM 
“701.” Erie also furnishes the four tube units used in 
the tape amplifiers. Erie Disc Filter Capacitors are 
used on inputs of all the DC service voltages sup- 
plied to the pluggable units, and all ceramic capaci- 
tors in the Power unit are Erie products. 


For several years Erie has had in operation a 
department engaged exclusively in electronic sub- 
assemblies of this nature. 


Write for further details. 









ERIE RESISTOR CORPORATION ... . ELECTRONICS DIVISION 


Main Offices and Factories: ERIE, PA. 
Sales Offices: Cliffside, N. J. © Philadelphia, Pa. © Chicago, Ill. © Detroit, Mich. 
Ashland, Ohio ® Fort Wayne, Ind. ® Los Angeles, Calif. © Toronto, Ontario 


Manufacturing Subsidiaries: 
HOLLY SPRINGS, MISS. * LONDON, ENGLAND * TRENTON, ONTARIO 
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REGULATED 


BATTERY CHARGERS 


for EFFICIENCY and ECONOMY 


Compact, centralized construction in- 
corporating selenium rectifiers and 
magnetic amplifier controls. One com- 
plete unit with static elements provides 
highly-efficient, maintenance-free, 
long-life, economical operation. 
“Proof-tested” regulated battery 
chargers with completely automatic 
overload protection, maintain con- 
stant voltage output regardless of A.C. 
line variations or load fluctuations. 


“CHARACTERISTICS 


A.C. INPUT: 110 or 220 volts, 50 or 60 cycles, 
single phase. Also 220 or 440 volts, 50 or 60 
cycles, three phase. 


D.C. OUTPUT: 3 to 60 cells in ratings to 50 Kw. 


OUTPUT CONTROL: Automatic units float bat- 
teries at 2.15 volts and booster charge to 2.33 
volts. Precise potentiometer adjustment on front 
panel. 


VOLTAGE REGULATION: Less than + 1% 
from no load to full load with = 10% A.C. 
supply line variation. 

Modern housings of heavy-gauge steel 
in panel, floor-standing or wall- 
mounted cabinets. Low installation 
cost...minimum space requirement. 


Write for complete . i } 
engineering specifications. 


TELEPHONE LOGAN 8-4771 LOS 
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DIVISION OF 
: LEACH CORPORATION 


4441 SANTA FE AVENUE, 
ANGELES 58, CALIFORNIA 


| 
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chamber features a simulated rate of 
climb of 32,000 ft per min up to 
60,000 ft. Standard equipment in- 
cludes devices, 
terminals, 


satety 
electrical 


manometer, 
and access pen- 
etrations in the base plate. American 
Research Corp., 11 Brook St., Bristol, 
Conn. 

» No. 58, Re 


VERSATILE TESTER 

Featuring 88 current and voltage 
measurement ranges, ac-de test unit, 
the Universal 88, the following ranges: 
24 for d-c current, from 200 microamp 
full scale to 1.5 amp; 28 for d-e volt- 
age, from 20 mv full scale to 750 
volts; 16 for a-c current (d-c or a-c 
up to 15,000 cycles), from 10° milli- 
amp full scale to 3 amp; and 20 
range for a-c voltage (d-c or a-c up to 
5000 cycles), from 0.5 volt full scale 





750 volts. Since the ranges 
overlap, all readings can be taken on 
the upper half of the scale. 
on d-c measurements is 0.5 per cent; 
0.75 per cent for d-c. Additional fea- 
ture of the design is automatic tem- 
perature compensation for both a-c 
and d-c; temperature correction factor 
need not be applied for ambient tem 
peratures from 20 to 30 C. Sensitive 
Research Instrument Corp., 9-11 Elm 
Ave., Mount Vernon, N.Y. 

No. 59, R t 


up to 


Accuracy 


DISTORTION METER 


Distortion Meter, Model 1410. has a 
frequency range from 20 ke to Lm 
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Fine-Silver Contacts 


Shipped 


lmmediately 


- 
o/ 








From MALLORY Stock... 


For the first time, you can order most of your requirements for 
fine-silver headed rivet contacts from stock! Mallory’s standard 
stock program is the result of an engineering analysis of thousands 
of customer prints... an analysis that permitted standardization 
of 70 flat and radius-faced contacts that will meet a large majority 
of industry's requirements. 


Check your present designs. You will find standard Mallory Fine- 
Silver Contacts that come within the tolerances of many of your 
requirements. Standardize the contacts in your new designs. too. 
It will ‘save time in engineering and purchasing ... simplify in- 
ventory problems. 


The Mallory standard stock program offers: 


e Prompt shipment, normally within 24 hours. 


e Immediate availability of samples when required. 


e Saving in time and cost of special designs and 


tooling. 


e Ready availability of small quantities for pilot 
runs and job orders. 


For complete prices, dimensions and part numbers of the 70 stock 
Mallory Contacts, write for your copy of Form 3-13 today. It 
provides a quick way to check against your present requirements 
and gives you all the data you need for new design work. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
L 





Some applications will always call 
for special contact designs. If yours 
then call on the 


is one of them, 


wide experience of Mallory engi- 
neers in designing specialized con- 
tacts. Modern facilities and a com- 
plete range of materials are available 
for economical production of contacts 
or contact assemblies to your spe- 


cial requirements, 





{xpect More...Get More from MALLORY 


Serving Industry with These Products: 


Electromechanical — Resistors « 


Switches 
Capacitors ° 


* Television Tuners ¢ Vibrators 


Electrochemical - Rectifiers °* Mercury Batteries 


Metallurgical— Contacts * Special Metals and Ceramics * Welding Materials 


MAY 1954 





MALLORY 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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Round, square, rectangular, triangular, any shape, any size — 
Precision Paper Tube Co. can provide all your paper tubing needs. 
Your specifications are met to the most exacting tolerances. Precision 
Paper Tubes are sturdy, crush resistant, have high tensile strength 
and excellent dimensional stability. 

Send in your specifications for samples. Request Arbor List of 


over 2000 sizes. 





HIGH DIELECTRIC BOBBINS FOR BETTER COILS 
Precision-made on specially designed equip- 
ment, using the finest materials, to provide 
maximum tensile strength, light weight, more 
winding space and other essential electrical and 
mechanical characteristics. 

Furnished in any size or shape. Supplied plain or fitted with leads, 
slots or holes. Flanges cut to specification, plain or embossed. Tube 
ends swaged to lock flanges. 


Send Specifications for samples. Ask for illustrated folder. 


Sales Representatives in: 
New England: Missouri, Southern Illinois, lowa: 
Framingham, Massachusetts, Framingham 7091 St. Louis, Missouri, Sterling 2318 
Maryland: 
Baltimore, Maryland, Plaza 2-3211 


Philadelphia, Camden: 
Philadelphia, Po., Chestnut Hill 8-0282 


Metrepolitan New York, New Jersey: 
Jersey City, New Jersey, Journal Square 4-3574 


Upstate New York: 
Syracuse, New York, Syracuse 76-8056 


Northern Ohio, Western Pennsylvania: 
Cleveland, Ohio, Atlantic 1-1060 


Indiana, Southern Ohio: 
Logansport, Indiana, Logansport 2555 


| PRECISION PAPER TUBE CO. 


2035 W. CHARLESTON ST. CHICAGO 47, ILL. 
Plant No. 2: 79 Chapel St., Hartford, Conn. 


California: 
Pasadena, California, Sycamore 8-3919 


Canada: 
Montreal, Quebec, Canada, Walnut 2715 





PRECISION 
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in ten overlapping ranges. Distortion 
range extends from 0.1 to 30 per cent. 
Input level range allows signal levels 
from 0.2 to 1000 volts to be measured 
directly. An accuracy of 0.1 per cent 
is obtained at signal levels as low as 


0.2 volt. The 4-in. meter is used as a 


distortion indicator and monitor: mete: 


is protected against overload. Residu.) 
signal is measured by a high gai 
vtvm with flat response up to 3 me. 
Model 1410 has a low impedance dis- 
tortionless preamplifier with monitor- 
ing circuit. A Null T network assures 
attenuation of fundamental. Unit is 
self-contained and a-c operated. — Iso- 
lation transformer and line filter are 
provided to prevent any teedback 
through power line. Freed Trans- 
former Co., Inc., 1730 Weirfield St.. 
Brooklyn 27, N. Y. 
No. 60, 


A-C INSTRUMENT 
TRANSFORMER 


Featuring an oval window ( 1%s x 234 


in), 600-volt through-type a-c current 
transformer, Type TWM, is molded 
in thermosetting resin that serves as 
insulation, support, and casing for the 
transformer. Only the secondary ter- 
minal inserts and the base mounting 
inserts protrude from the body. 
Type TWM is manufactured with 
four primary current ratings of 200, 
100, 600 and 800 amp. The first 





three models can be operated continu 
ously at 200 per cent of rated current; 
the S00-amp transformer, at 150 pet 
cent of rated current. Current ratings 
available with primary 
passing once through the window are 
200 to 5, 400 to 5, 600 to 5 and 800 


designed for 


conductor 


to 5. Transformers are 
high accuracy and for mounting in 
any position. For permanent identi 
fication, primary and secondary polar- 


ity markings are molded directly into 


the resin. Allis-Chalmers Manutac 
turing Co., 1126 S. 70th St., Milwau 
kee, Wis. 

No. 61, 
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1. A PATCH AHEAD OF TIME, applied at the factory, re- 
inforces the knees of dungarees and overalls. Patches are 
vulcanized under pressure with Radio Frequency Corp.’s high 
frequency, dielectric heater. If dielectric heat, generated in 
the material, is lost through conduction, vulcanization be- 
comes inefficient. But Fenwal THERMOSWITCH © units in each 
platen minimize these losses by close temperature control. 
Vuleanizing 3000 patches per hour is now standard; 30 was. 


3. THIS IS IT — the Fenwal THERMOSWITCH control is simple 
— compact shell contracts or expands instantly with tem- 
perature changes, opening or closing electrical contacts. Ad- 
justable and highly resistant to shock and vibration. Fenwal 
THERMOSWITCH units are solving temperature problems and 
helping to improve the final product throughout all industry. 
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these two problems? 





2. DENTAL PLATE FIT STARTS WAY BACK. The tiny abrasive 
wheels for grinding and polishing dental plates must be very 
accurately molded of fine abrasive in a rubber base. The 
molds in which they’re made must have delicate temperature 
control for consistent quality and uniformity. The manufac- 
turer, The Wm. R. Hall & Son Co., uses THERMOSWITCH 
units in molds for accurate, reliable temperature control. 
Production figures can be kept high while rejects are low. 





4. SEND FOR THIS BROCHURE for complete explanation of the 
unique THERMOSWITCH unit. Also ask for more detailed, il- 
lustrated discussions of the problems above. Fenwal engi- 
neers will be glad to help you solve your temperature control 
problems involving heat, humidity, radiant heat, pressure 
and other variables. Write Fenwal Incorporated, 15 
Pleasant St., Ashland, Massachusetts. 


THERMOSWITCH’ 


Electric Temperature Control and Detection Devices 


SENSITIVE... but only to heat 
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Drake Signal and Jewel 
Light Assemblies will 
serve you better—that’s 
why so many well- 
known appliances 

have used them 

for years.. 


DRAKE 


Assemblies are . 
known for expert design, * 
patented features, top per- 
formance—used by leading 
manufacturers in many 
fields— produced with the 
skill which comes with 
more than 20 years of 
specialization... DRAKE 
can help you select or 
develop the unit which 
will do most for 

your appliance in 

both production 

and sales.. 


LET 


DRAKE 

QUOTE ON 

YOUR NEEDS... 

STYLES, SIZES, COMBINATIONS OF 
ALL KINDS! 
It’s usually easy 
to select the ex- 
act unit to serve 
you best from 
those already 
available in the 
big DRAKE 
line... But we 
can develop a 
special design 
for you if re- 
quired, as we 
have done for 
dozens of users. 


* 
SEND FOR 
COMPLETE 
CATALOG ‘EM' 
SAMPLES 


550 


See, 
= 


MANUFACTURING 
COMPANY 


1711 West Hubbard Street 
ERMICAG.O 22,14 LEROtTS 


Socket and Jewel 
LIGHT ASSEMBLIES 
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Literature for the Asking 


To obtain copies of these publications 
circle item number on postcard in Reader 
Inquiry Facility, page 249, 


STAINLESS STEEL “LIBRARY” — 
Among the booklets described in a 
4-page folder are a 44-page general 
catalog, as well as pamphlets on stain- 
less steels for heat resistance; on ultra- 
thin-gage stainless; and on drawing, 
forming, spinning and cutting stain- 
less steels. Other handbooks discuss 
welding stainless steels, surface finish- 
ing, and other subjects. In all, 13 
pamphlets are briefly discussed. Armco 
Steel Corp. 

No. 62, Reader |r ry F ty, page 249 


ige 


AUTOMATION-—Principles of auto- 
mation and the applications and ad- 
vantages of servo control systems for 
machine tools are discussed in a 24- 
page booklet, which also provides data 
on manufacturer's servo control sys- 
tems, components, and automatically 
controlled machine tools. Case histo- 
ries and useful reference material are 
included. Turchan Follower Machine 
Co. 


No. 63, R« , page 249. 


HYSTERESIS MOTOR Four-page 
brochure presents data on a hysteresis 
synchronous motor designed to oper- 
ate from a vacuum tube amplifier. 
Pointed out are applications for driv- 
ing timing devices, recorders and other 
units. Covered are design features. 
and complete specifications. Illustra- 
tions are included. Collins Radio Co. 

No. 64, Re ry f ty, f 
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PRINTED-CIRCUIT GUIDE — De- 
scribed in a 16-page catalog are 
printed electronic circuits containing 
wiring and such components as _ re- 
sistors and capacitors integrally bound 
to a ceramic base plate and sealed 
against moisture and shock. Included 
in the line are resistor, dual resistor, 
resistor-capacitor and other printed 
circuits. Listings indicate some _ of 
their applications. Centralab, Div. of 
Globe-Union, Inc. 
No. 65, R« 


NYLON-LINED BEARING Illus- 
trated 4-page brochure describes the 
advantages of bearing 
material and the construction details 
of manufacturer’s Nylined bearings, 
which consist of an outer sleeve of 
metal and a thin lining of nylon bear- 
ing material. Also available is a bear- 


nylon as a 


ing evaluation checklist, listing 17 
basic bearing performance and ap- 
plication factors to be considered 
when specifying. Thomson Industries, 
Inc. 


circle No. 66, Reader Inquiry Facility, page 249. 


INDUSTRIAL X-RAY DIGEST—First 
issue of a new quarterly, “Radiation 
Digest,” briefly discusses industrial X- 
ray films, the applications of electron 
radiation, the development of linear 
accelerators for industry, a means for 
reducing X-ray film processing time, 
and other topics. Also included is a list 
of available reprints. X-Ray Dept., 
General Electric Co. 

Circle No. 67, Reader Inquiry Facility, page 249 


MAGNESIUM, ALUMINUM CAST- 
INGS—Entitled “New Horizons for 
Product Improvement with Magne- 
sium and Aluminum Castings,” 16- 
page booklet discusses the uses of 
lightweight materials, including alumi- 
num, magnesium, and fibrous glass in 
product design. Methods of forming 
the materials are discussed and latest 
developments are pointed out. Rolle 
Manutacturing Co. 

No. 68, R: r Inquiry F page 249 


MYLAR FILM—Eight-page bulletin 
lists the physical, electrical and other 
properties of Mylar polyester film and 
discusses electrical 
other applications. Emphasis is on 
its high dielectric strength, good di- 
electric constant and high volume 
and surface resistivity. High tensile 
strength (23,500 psi) permits its manu- 
facture in gages ranging from 34 mil 
up. Types and gages currently avail- 
able are listed. E. I. DuPont De 
Nemours & Co. 
No. 69, Ré 


insulating and 


MACHINE TOOL LIMIT SWITCH 
— Feature of heavy-duty, oil-tight ma- 
chine tool limit switch is the easy 
adjustment of the basic device to 
obtain 11 different contact arrange- 
ments. Design features, available 
types, and other data on the Class 
9007 Type T limit switches are pro- 
vided. Dimensional drawings and 
other illustrations are included. Square 
D Co. 

Circle No. 70, 


CONTROLS, RESISTORS Among 
the wide variety of components de- 
scribed in an illustrated 24-page cata- 
log are composition and wire-wound 
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JUST THREE EXAMPLES OF PeS ENGINEERING 
AND MANUFACTURING SKILL 


STANDARDIZE 0X <QQ33> 


for Dependable, 
Long Life Operation—Quick, Easy Wiring 








Pas 
@—0 SUPER A.C. SWITCHES 


A 





7 Maximum Service — Quiet Operation — 
Extra Long Life. Rated 15 and 20 
Amperes, 120 Volts A.C., 277 Volts A.C. 
For use at full rated capacity on fluores- 
cent and incandescent loads—up to 277 
Volts at 80% of current rating of switch 
on motor loads. 





P&S Turnlok Line 


Just turn the cap and it’s locked, securely 
and safely. Sturdily constructed — De- 
signed for easy wiring—Ampere rating 
plainly visible on modern face design. 
Connectors, receptacles and caps avail- 
able in 10 and 20 Amperes—2, 3, and 4- 
wire types. 


PzS Polarized Devices 


Built sturdier with extra thick bodies and 
extra heavy meta! parts —to withstand 
rough usage over a long period of time. 
Designed for wiring ease. A complete 
line of 10 and 20 Ampere, 2, 3, and 4-wire 


connectors, receptacles and caps. 








These are just a part of the P&S Line. Send for Catalog No. 49 for 
complete information. If you have a special requirement for elec- 
trical wiring devices, write us. Our sixty years of experience in the 
manufacture of electrical products will prove helpful. 


Dept. EM 


PASS & SEYMOUR, INC. SYRACUSE 9, N.Y. 


Offices: 71 Murray Street, New York 7, N. Y. 


1229 W. Washington Blvd., Chicago 7, Ill. 
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element controls, shafts and switches, 
power rheostats and fixed wire-wound 
resistors. Data are also provided on 
miniaturized and special controls for 
semi-critical industrial applications. 
Curves, diagrams and other illustra- 
tions are included. Clarostat Mfg. Co.., 
Inc. 

ircle No. 71, Re quiry Fa ty, page 249, 
O-RINGS—Twelve-page brochure on 
Q-rings contains detailed information 
on compounds, groove dimensions and 
sizes and applications. Availability of 
standard AN and JIC sizes, and many 
non-standard and special-order sizes 
is pointed out. Facilities for producing 
rubber products from engineering 
compounds are illustrated and briefly 
described. Goshen Rubber Co. 

No. 72, F 


METAL, FIBER WASHERS- Sixteen 
page booklet describes wide range otf 
available metals and other materials 
used for standard and special washers. 
Listed are washers carried in stock 
and existing die sizes for the produc- 
tion of more than 30,000 types and 
sizes of washers. Useful data are pro 
vided on washer characteristics and 
tolerances. H. K. Metal Craft Mfg 
6. 
No. 73, | 


PRINTED CIRCUITS—Printed  cir- 
cuits, described in an illustrated 8- 
page brochure, are manufactured by 
a hot die-stamp process in which the 
conducting material is mechanically 
embossed on one or both sides of a 
phenolic base material; no adhesive 
material is used to form the bond. 
Pure silver is used as the conducting 
material. A sample printed circuit 
is included. Special Products Div. 
\erovox Corp. 
No. 74, 


ELECTRONIC FACILITIES—Fight 
page catalog uses illustrattions and 
text to point up manufacturer's facili 
ties for designing and producing a 
variety of electronic and electro 
mechanical devices, as well as its abil 
itv to miniaturize entire assemblies. 
Shown are typical units in manufac 
turers own line, as well as special! 
order equipment. Manufacturing fa 
cilities are listed. Allied Engineering 
Div., Allied International, Inc. 
No. 75, r t 


MOLDING MATERIALS AND RES- 
INS—Descriptions and suggested uses 
for extensive lines of phenolic, rubber- 
phenolic, silicone and polyester mold- 
ing compounds, laminating varnishes 
and industrial resins are presented in 
an 8-page catalog. Special features. 
important characteristics and electrical 
properties are briefly discussed. Illus 
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Before we accept your order for Fasco 
Motors we have to have complete in- 
formation on the application. 

There’s a good reason. 

Of course, we have to have such 
obvious data as physical dimensions 
and power required. But a dozen other 
factors—such as duty cycles, ambient 
temperatures, required starting torque 
—are equally important. 


Unless a// these elements were con- 


Small motors and blowers for industry 


For industry, Fasco makes small 
motors (1/500 to 1/8 hp). Most of 
them are shaded pole motors, in 
2-pole, 4-pole, or 6-pole speeds. 


sidered carefully, you would get just 
another run-of-the-mine motor for 
your product. 

That's why we ask for complete in- 
formation about any product where a 
Fasco Motor is to be applied. With 
this information—and a test model of 
your product—we can specify a motor 
that’s right, and prove it. 

That's good business—for you, and 


for us. It takes time, so write us now. 


INDUSTRIES, INC. 
ROCHESTER 2, NEW YORK 





We match motors to your needs 






























































NOW...the new M:N hte) 


AN-“E” 
ear yy 


NMENT RESISTING 


; ENVIRO 
Santali New design 
grommet follower 


Telescoping 
bushings included 


Stronger coupling nut 


Streamlined shell 
Force-fitting 


Improved grommet resilient inserts 


Streamlined Shell 
Approximately 25% lighter 


AN3108E 
than previous design. Plug mated with 
Stronger Coupling Nut AN3102E 
Improved strength features. Receptacle 


New Grounding Lugs 
Integral; convenient. 


Integral Cable Clamp 
Space saving, fewer parts. 


New, lighter polychloroprene...or 
Cannon's new exclusive 
premium Silcan 63, optional, 


featuring resilience, increased 


Moisture proof! 
_ensile strength, and tong . Vibration resisting! 

asting dimensional stability. ae - e 
Closed-entry socket contacts, machined niaw Resilient insula tion ! 


from solid high-conductivity copper alloys, 
silver-plated; hand tinned solder pots. ; ed 
Just what you’ve been waiting for! 


The new high-quality, stream- 
lined, simpler, smaller, and lighter 
Cannon AN-“E” meets today’s mil- 

= itary specifications (MIL-C-5015A 
( ASG) with improved connector 

performance. Completely sealed 
Secutast Grommet eae Mating from cable to cable. A multi-service 
Setlener Surface unit designed to meet your mois- 
ture condensation, flashover, cor- 
ona, and vibration problems. 


Telescoping Bushings 
Standard Equipment 





oo 
—~ 


“aN Cri 4 





No moisture condensation trap 
The Cannon AN-‘‘E’’ Connector 


grommet provides positive seal against 


the rear of the resilient insulator. Write for “AN-E” Bulletin... 
Mating surfaces of resilient insulators TODAY! 
of connectors are sealed by compressing 
the insulators 3/32” during mating. Refer to Dept. 500 
AN-*‘E’’ Connectors have 


CANNON ELECTRIC COMPANY, 3209 
Humboldt St., Los Angeles 31, California. 
Factories in Los Angeles; East Haven, 
Toronto, Canada; and London, England. 
high altitude and other applications Representatives and distributors in all 
principal cities. 


3 times the flashover value of 
similar connectors, sealed 


An important feature for 








CANINONIELEGT RIG 


ELECTRICAL 


trations show typical laminated sheets, 
rods and tubes, as well as molded 
parts for use in electrically energized 
equipment. General Electric Co. 

e No. 76, Reader Inquiry Facility, page 249 


SYNCHRONOUS MOTORS — Fea- 
tures of synchronous motor, described 
in an illustrated 4-page brochure, in- 
clude a 40 oz in.-torque at 1 rpm, 
output speeds from 1800 to % rpm, 
and ability to operate in any position. 
Applications listed include use for 
process timers, laundry timers, poten- 
tiometer drives, and in similar units. 
Also covered are design features and 
complete specifications. Hagen Manu- 
facturing Co., Inc. 

ircle No. 77, Reader Inquiry Facilit 


GALVANIZED STEEL-—Stressed in 
a 12-page pamphlet are the resistance 
of a specially treated hot-dipped, zinc- 
coated steel, Galvanite, to corrosion, 
as well as its light weight, and the 
excellent surface it provides for paint 
or baked enamel. Material can be 
formed without flaking, peeling, pow- 
dering or otherwise injuring the coat 
ing. Complete data are provided and 
illustrations are included. Sharon Steel 
Corp. 
No. 78, 


MAGNETIC CONTACTORS—Smial! 
special-purpose magnetic contactors, 
including reversing models, are ce 
scribed in a 4-page bulletin. Features 
stressed include size. light weight. 
large size of contact gap. Design 
features including the operating mag 
net, are pointed out; applications ar 
listed and complete specifications aré 
given. Furnas Electric Co. 
No. 79, 


THERMISTOR HANDBOOK—Con 
taining useful reference material, 54 
page handbook describes a series of 
thermistors made in two material 
grades and in rods, discs and washers. 
Discussed are the general character 
istics of thermistors, and the two 
broad classifications into which their 
applications can be divided. Specifica 
tions and static and dynamic charac 
teristic curves are included. Carboloy 
Dept., General Electric Co, 
> No. 80, Rea juiry | ity, page 


WOVEN ELECTRIC HEATERS 

Emphasis in an illustrated 4-page 
brochure is the wide range of shapes 
sizes and electrical ratings to which 
light-weight woven electric heating 
elements can be designed for indus- 
trial applications. Custom-made, their 
voltage ratings range from 5 to 230 
volts; heat intensities up to 30 watts 
per sq-in. Data are supplied on dimen 
sions, available types of insulation, 
tvpes of terminals, methods of mount 
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What makes the miracle of automatic washdays? 
What gadget turns water on and off; starts spinners, 
. all on a precise 
timing schedule? Chances are it’s a P. R. Mallory 


agitators, fans; regulates heat 


timer switch. 


C-D-F also supplies these Dilecto insulating side boards. Dilecto Grade 
X-13 was chosen for its ability to withstand severe riveting and staking 
impact, for its sturdiness in holding up under the strain of plugs being 
inserted and removed from terminals mounted on the board. 


Iwo C-D-F Dilecto laminated plastic 
parts play small but vital roles inside 
P. R. Mallory’s timer switches used to 
control the washing, drying, rinsing 
cycles. 


Most important, the timing cams must 
be precisely fabricated to odd, notched 
Shapes, with very close dimensional 
tolerances. In the design stage, it was 
first thought that there was no prac- 
tical way to obtain the desired pieces. 


But engineering-supplier teamwork al- 
ways pays off. Good basic design . . 
a quality material from an alert, inter- 
ested fabricator . . . selective purchas- 
ing resulted in a solution. 


C-D-F WORKS WITH DESIGNERS 


A father and son team, in Mallory’s 
Switch Division, Arthur and Harry 
Hall, began 15 years ago to make this 
timer switch. Cam material after ma- 
terial was tested . . . none worked 
satisfactorily. 


MAY 1954 





Special paper-base 


Dilecto laminated 
phenolic cams are the heart of the switch. 
If the corners are not sharp, if tolerances 
are not held, if the laminated plastic fails, 





the timing schedule would go haywire. 
But it doesn’t happen with Dilecto cams 
fabricated by C-D-F, now definitely identi- 
fied for performance comparison. 





Look inside the smart, small, tough Mallory timer switch. The 
shaft revolves; with the switch operated by a manual clock which 
is wound or set whenever the switch is turned over to complete the 
entire cycle. Switch accuracy depends entirely on the degree of 


accuracy in which the cam is manufactured 


neon 


C-D-F sales engineer Robert Tappan 
was called in. He says, “After 18 
months, the design was adaptable to 
Dilecto laminated plastic. The first 
cam did not work, but showed promise. 
Looking back, it was a crude punching 
compared to the ones now furnished 
by the C-D-F Valparaiso plant.” 


A BIG, RELIABLE SOURCE 


Mallory makes thousands of timer 
switches, naturally has several suppli- 
ers for laminated plastic insulation. 
But C-D-F keeps working hard to fur- 
ther improve the product: Special 


tools have been designed to increase 


gu 
Nh 


C-D-F and DILECTO LAMINATED PLAS 


improve design... 


a 


TIC helped Mallory 


simplify purchasing . . . speed production 


the accuracy of C-D-F cams, to pro- 
vide Mallory with lower rejection rates. 
Resin-penetrating and laminating tech- 
niques have improved Dilecto grades. 
Inspection and quality control have 
been modernized. 


When you have a problem in laminat- 
ed plastics, think of improved, Dilecto 
and C-D-F. Send us your print for 
technical advice and quotation. Write 
for free test samples. The C-D-F cata- 
log is in Sweet’s Design File and the 
IRE Directory. Best of all, call your 
C-D-F sales engineer . . 
man to know! 


. He’s a good 


ybsilal-Diamonl Fire 


CONTINENTAL-DIAMOND FIBRE COMPANY 


NEWARK 13, DELAWARE 





















































‘Bonded (or Life!" 


In Waukesha Sleeve Bearings, Split Bearings, and Oil 


Seals, the bond between babbitt and bearings never 
fails. The Waukesha Centri-fuse Process results in an 
actual chemical bond — a liftime metal-to-metal 
fusion of babbitt and backing — whether the 
backing is bronze, steel, cast iron or aluminum. 
Remember, too, that Waukesha’s complete 
manufacturing facilities and Waukesha engineering 


counsel are at your service whether you need one 


“) 

| WOAUKESHA Bearings | 
' 

i 


Division of WAUKESHA TOOL CO., Waukesha, Wisconsin | 


a a ee 


A 7931-2/3 


bearing or a long production run, 
c c 
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ing and other pertinent 
Pre-Fab Heater Co. 
e No. 81, Reader Inquiry Fa 


details. 


MAGNETIC BRAKES, CLUTCHES 
Data on a variety of magnetic 
clutches, clutch-brakes, and disk 
brakes are presented in an illustrated 
S-page pamphlet. Adaptability of the 
line of magnetically operated trans- 
mission devices to the automatic con- 
trol and operation of machines is 
pointed out. Covered are features, 
ratings, and dimensions. Included are 
formulas for determining torque re 
quirements. Stearns Magnetic, Inc. 

e No. 82, Reader quiry f t 249. 
ELECTRICAL CONTACTS—Feature 
of a 59-page booklet devoted to elec- 
trical contacts and contact assemblies 
is a contact material selector guide 
which contains descriptions of contact 
materials, their applications and ad- 
vantages. Data are also presented on 
manufacturer's contact materials and 
manufacturing facilities. Reference 
material and many illustrations are 
included. P. R. Mallory & Co.. Inc. 

No. 83, R¢ r f ity, page 249. 
OVER-RUNNING CLUTCHES — 
Four-page brochure describes — the 
Miniclutch, a miniature one-way roller 
clutch that permits drive in one di- 
rection, with free-wheeling action in 
the opposite direction. Applications, 
including use in control devices, busi- 
ness machines and other small mecha- 
nisms, are pointed out. Case history 
and illustrations are included. Mini- 
clutch Co. 

No. 84, Read ry Facility, page 249. 


D-C POWER SUPPLIES— Airborne 
high-voltage power supplies, as well 
as magnetic amplifier regulated sup- 
plies, are described in an illustrated 
4-page brochure. Ratings, character- 
istics and other data are supplied for 
each of the typical units described. 
Applications are listed. Perkin Engi- 
neering Corp. 

No. 85, F er Facility, page 249 


PLASTICS, FASTENERS -~ Illustrated 
hardbound 48-page booklet describes 
products and services offered by manu- 
facturer’s departments and_ divisions. 
Included are the design and fabrica- 
tion of molded plastics products, an 
extensive line of screw fasteners, and 
the development of a chemical process 
for nickel plating. Typical products 
and facilities are shown. |General 
American Transportation Corp. 
No. 86, Ré 


FLUORESCENT LAMP BALLASTS 
-Four-page selection guide describes 
complete line of fluorescent lamp 
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say ‘go’ to traffic oe 
—_—_———guide aircraft to safe landings 


————— signal “all’s well” in power plants 


Vital services are performed by Kopp lenses and other glass products. Many 
of these applications call for accurate control of a beam of light—which may 
be concentrated, spread or diffused. Uniform transmission of colors may be 
required; resistance to heat and thermal shock are often needed. 

Kopp specializes in the production of glass parts requiring skillful engineer- 
ing design and careful, accurate workmanship. We will be glad to submit 
ideas, designs and prices for your consideration. 





WRITE FOR 


the new brochure describ- 
ing the design and manu- 
facture of Kopp Glass 
Products. 


Building—Through Business KOPP GLASS r Inc. 


—for a Better America! 
support Junior Achievement S W i S) S V A L E I P A . 


MAY 1954 
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The complete IMS (Military Standard) line of 
Hermetically-Sealed Power & Filament Transformers 


CHICAGO TRANSFORMER now Offers all 
units in the Military Standard (ms) 
line, as established jointly by the 
three armed forces (Army Signal 
Corps, Navy Bureau of Ships, and 
Air Force) working through ASESA 
(Armed Services Electronic Standards 
Agency) and in cooperation with the 
transformer industry. The complete 
line is housed in CHICAGO’S one-piece 
drawn-steel cases. Outside case di- 
mensions and mounting dimensions 
are within the tolerances of the Mili- 
tary Standard specification. Terminal 
arrangements and markings are also 
in accordance with the same specifi- 
cation. Tests conducted in the CHICAGO 
TRANSFORMER laboratories indicate 
that all units will meet the require- 
ments of Grade 1, MIL-T-27 specifica- 
tions for Class A operation. The Mili- 
tary Standard line should find wide 
usage in military airborne, marine, 
and ground communication equip- 
ment, and particularly for research 
and development applications, pilot 
runs and pre-production models. 





POWER TRANSFORMERS—INPUT REACTOR SYSTEMS (PRIMARY—105 115/125 V.—Frequency 54-66 cycles) 


CATALOG HIGH VOLTAGE SECONDARY 
NUMBER | PART NO. A-C Volts D-C MA. 
PMS-70 MS-90026 | 200-100-0-100-200 70 
PMS-70A | MS-90027 325-0-325 70 
PMS-150 | MS-90028 325-0-325 150 
PMS-175 | MS-90029 400-0-400 175 
PMS-250 | MS-90030 450-0-450 250 
PMS-350 | MS-90031 350-0-350 250 
PMS-550 | MS-90032 550-0-550 250 
PMS-800 | MS-90036 800-0-800 250 


D-C V 
OUTPUT 





RECT. FIL. 
Volts Amps. 


6.3 


$ 


Y 





Fil. NO. 2 
Volts Amps. 








FILAMENT TRANSFORMERS (PRIMARY:—105/115/125 V.—Frequency 54-66 cycles) 









CATALOG MIL-T-27 
NUMBER PART NO. 
FMS-23 MS-90016 
FMS-210 MS-90017 
FMS-53 MS-90018 
FMS-510 MS-90019 
FMS-62 MS-90020 
FMS-65 MS-90021 
FMS-610 MS-90022 
FMS-620 MS-90023 
FMS-210H MS-90024 
FMS-510H MS-90025 











SECONDARY 
Volts Amps 
2.5 3.0 
2.5 10 
5.0 3.0 
5.0 10 
6.3 2.0 
6.3 5.0 
6.3CT 10 
6.3 20 
2.5 10 

5.0 


10 





INSULATION 

VOLTS RMS | WT. LBS. 
2500 l" 
2500 22 
2500 1% 
2500 4 
2500 1% 
2500 2% 
2500 5 
2500 8 
10000 4% 
10000 | 7 








electronic ports distributor. 
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Free "New Equipment” Catalog 
You'll also want the full details on CHICAGO'S 
New Equipment Line of famous “Sealed-in-Steel” Transformers. 
Write for Free Catalog CT-153 today, or get it from your 







SRL eR ee 


3501 W. ADDISON ST., CHICAGO 18, ILL. 


ballasts, containing electrical specifica- 
tions for ballasts for d-c operation, 
40-watt instant-start ballasts, Trigger- 
start ballasts, as well as ballasts for 
circline lamps and other types. 
cluded 


In- 


fluorescent lamp ballast circuits, cross- 


are wiring diagrams fo 


section dimensions, and _ price lists, 
General Electric Co. 
rcle No. 87, Reader Inquiry Facility, page 249 


TRANSFORMERS-—Source of supply 
for transformers designed to conform 
to MIL-T-27, as well as to meet other 
requirements, are described in an 
illustrated 6-page brochure. Power, 
pulse, and other types are available. 
Specifications are provided and a 
series of engineering reference curves 
included. Airpax Products Co. 

ir No. 88, Reader Inquiry Facility, pace 


HERMETIC CONNECTOR PLUGS 
Two-page data sheet announces the 
availability of a variety of hermetically 
sealed plugs that mate with manufac- 
turer's line of connector 
Discussed are facilities for 
hermetically sealed con- 
nectors and the manufacture of pro- 


standard 
sockets. 
designing 


totypes for special requirements. Cus- 


tom fabrication of terminal boards 
is another service discussed. DeJur- 
Amsco Corp. 

No. 89, Reader Inquiry ICI 


OSCILLOSCOPE HANDBOOK- Use- 
ful information on the principles of 
operation and applications of cathode- 
ray oscilloscopes is presented in this 
24-page handbook. In addition, tech- 
nical features and specifications are 
given ranging in 
3-in. portable model up 
types. A_ block 


diagram, many circuit diagrams and 


for oscilloscopes 


size trom a 


to large laboratory 


other illustrations are included. The 
Hickok Electrical Instrument Co. 
No 90, . r ! ty 


THEROCOUPLE AND EXTENSION 
WIRES—Eight-page bulletin describes 
thermocouple and extension wires for 
pyrometric applications. Data are pro- 
vided on wires with plastics, fibrous 
glass and asbestos insulation, and 
metallic armor. Included are insulated 
wires meeting military specifications. 
Charts present additional engineering 
data; useful reference material is in- 


cluded. Thermo Electric Co., Inc. 


No. 91, Reader Inquiry Facility, page 249 
RE - RATED MOTOR - FRAME 
CHART—Punched for insertion — in 
looseleaf binders, and printed — on 


cardboard, chart shows comparative 
dimensions of old and the new NEMA 
frame dimensions for open-type and 
fan-cooled polyphase induction mo- 
Included two tables, one 


tors. are 
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| Insulating Materials 


(warm. INSULATION & WIRES 


_ Varnished Cambric Products 
- Insulating Paper 
ri Varnished Tubing 

” Saturated Sleeving 

i Insulating Varnish 

i Vulcanized Fibre 
ind | Phenolite 
‘he | Fibre Wedges Warehouses Strategically Located to give you service anywhere. 

Wood Wedges : 
| Built-up Mica Products Nationally Advertised Quality Products, approved and used by leading 

ON pampiog (nagtation electrical manufacturers everywhere. 
od | Woven Glass Insulation 

cs sre gi Tape Experienced Field Service Representatives offer technical assistance with- 
_ Cotton Sleeving out obligation on any problem involving electrical insulating materials. 
ee Commutators Built To Specifications 
ae — Large Stocks Of Production Materials in every warehouse. Quick delivery 

icone Resins ‘ fied . 
ms. Silicone Insulations will eliminate many of your inventory problems. 
‘ing 

a Re ¥ On iW Sor Vnmediate Sx TACCE, Dependatle Lualily 
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in 
on 


tive INSULATION AND WIRES INCORPORATED 


per 3435 Chouteau Avenue « St. Louis 3, Missouri 

ali 

a : Write For The Address Of The Warehouse Nearest Your Plant 
one - - EERE OOOO eee 
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WANT MAXIMUM PERFORMANCE 
IN MINIMUM SPACE AND WEIGHT? 






— TYPE 4BQA 
POWER D. C. 


SMALL, LIGHT—CONTACTS 
‘ ales ihe mee 3, Oe 


TYPE 4BQA 
MULTI-CONTACT D.C 


SMALL, LIGHT 
SENSITIVE 


Among the wide variety of Standard Phil-Trol Relays 
you will find many designed to solve your “special” 
problems... like the types 4BQA and 4BQA POWER 
shown above. While both are small, compact, light- 
weight units, each is designed to perform its job best. 
| ser neteane* tars For example: 

The 4BQA Multi-contact D.C. is used where very 
sensitive or marginal operate and release factors are 
required. This relay may be provided in multi- 
contact combinations with as many as 12 contacts. 

The 4BQA Power Type D.C. has the capacity to 
handle large currents on the contacts. Standard con- 
tacts are rated at 25 amperes. 

These are but two of the many unusual Phil-Trol 
designed relays that will help you solve the “tough” 
application problems as well as the simpler ones . . . 
and with security in knowing you will always have 
dependable performance. Send for a new Phil-Trol 
Catalog — today! 


END VIEW 





6Q0A Relay 


27QA Relay 


Hermetically 
Sealed Relay 


33AC Relay 
3QA Relay 


4QA Relay \ oo 4BQA Power Relay 


PHILLIPS CONTROL CORP. 
Dept.EM, Joliet, Illinois 


- Please send me a free copy of the new 
- Phil-Trol Relay and Actuator Catalog. Also, please ar- 


range to have a Phil-Trol Sales Engineer call on me. 
1S THE REGISTERED TRADE MARK OF 


Name 
PHILLIPS CONTROL CORP. Company 
JOLIET, ILLINOIS aa 
A THOR CORPORATION SUBSIDIARY 
OFFICES IN ALL PRINCIPAL CITIES City Zone State 





comparing frame sizes according to 

horsepower and speed; the other the 

dimensions of the old and the new 

frame dimensions. Two keyed motor 

outlines are provided as a further aid. 

Reliance Electric & Engineering Co. 
No. 92, Reade juiry F t 


PRINTED - CIRCUIT SOCKETS 
Two-page bulletin describes Mycalex 
glass-bonded mica printed-circuit sock- 
ets, which can be mounted with 
evelets or rivets. Seven- and nine-pit 
types are available. Briefly discussed 
is the availability of other printed 
circuit components on special order. 
Characteristics of typical grades ot 
Mycalex are described. Mycalex Con 
poration of America. 
No. 93, | f quir ity 


V-BELTS V-belts, containing two 
endless grommets set in rubber, are 
described in an 8-page catalog. Fea- 
tures and specifications of available 
types are given. Advantages claimed 
include longer life, less stretch under 
shock loads, and savings in weight 
and cost. Industrial Products Diy 
The B. F. Goodrich Co. 
No. 94, 


ELECTRIC SOLDERING IRONS 

hirteen new models are described Ith 
a 4-page catalog covering 40 models 
ot seven types ol electric soldering 
irons. Ratings range trom 25 to 700 
watts; tip diameters from % to 1%4 
in. Features, applications, specifica 
tions and price of each .model] are 
given. Ilustrations are included. Hex- 
acon Electric Co. 

No. 95, 


SILICONE COATING VARNISH 
Data are provided in a 4-page bulle 
tin on R-61 Silicone, a thermosetting 
resin designed as a varnish for glass 
tape, glass cloth and sleeving used 
as Class H electrical insulation. Prop 
erties of the varnish as well as ot 
R-61 varnished glass cloth are given 
Linde Air Products Co., Div. of Union 
Carbide and Carbon Corp. 

No. 96, t 


GOLD-INLAY KNOBS Lenite 
plated gold-inlay knobs for electronic 
equipment are among the wide va 
riety of knobs, pointers and instru 
ment controls described in an_ illus- 
trated 16-page catalog. Data are also 
provided on miniature tube sockets 
switches and other products. Gee Lia 
Manufacturing Co. 
t 97, 


MINIATURE TOROIDS, FILTERS 

Subminiature, miniature and stand 
ard toroids, plug-in decade inductor 
coils. and filters for telemetering and 
other applications are described in an 
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TWECOTONG Electrode Holders are 
produced by TweEco Products Company, 
Wichita, Kansas. 


Longer electrode holder life is assured 
by MELMAC insulation. Electrode holder 
covers molded by Synthane Corporation, 
Oaks, Pa. 


e _ MELMAC® 405 provides 
| superior insulation in jaw tip of 
| TWECO welding rod electrode holders 














a | Important selling feature of TWECOTONGS is their superior : 
ss ! lati le of a a fil Searing 6000° flame of an oxy-acety- 
ra Insulation, made Ol mu Iple aye rs oO! continuous Nliament lene torch, applied for a full minute, 
) glass cloth impregnated with MELMAC 405 melamine- doesn’t deform MELMAC-molded electrode 
‘ formaldehyde laminating resin. holder cover or cause it to carry current. 
i 
n These MELMAC jaw tips insulate bronze jaws which hold 

and pass a 200 to 500 amp. current, resist the high heat of 

the are with an ample safety margin. So strong that they : a 7 
‘ can take repeated blows with a heavy hammer, they last 
ic longer under shop or field abuse and cut maintenance costs. a eS ) 
: So take a tip from Tweco. Whenever you have a problem in Vy 
s- heavy-duty electrical insulation, consider these outstanding > 
sO advantages of glass- or fabric-based MELMAC 405 Resin... AMERICAN Cyanamid COMPANY 
ts 
aw ° . . Tl & RE 

@ resistance to heat, flame, electrical arcing canes oe eae 
@ resistance to chemicals, especially alkalis 33D Rockefeller Plaza, Now Verk 20, 0. ¥. 

RS @ machinability and colorability nicuenepsiaaitenidinigmadsigieetatita 
id . In Canada: North American Cyanamid Limited, Toronto & Montreal 
ee @ mechanical strength 
nd 
an 


Our application engineers will be glad to work with you. Just drop us a line. 
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Fits your 
Product --- 
BYE Le RMN eL ss 


BRADLEY 


has a rigid plastic box for 
your product 




















































Series 300 
By’? x ay" x 1%" 
(assorted compartments) 





















No. 35 


4%" 1 14" x 1°" 

























illustrated 16-page catalog. Specifica- 
tions, applications and other data are 


provided. Attenuation and Q curves | 


| 
| 


are included. 


Burnell & Co. 
No. 98, Rea r y fF 


lity, page 24 


OIL-FILLED CAPACITORS 
lar oil-filled capacitors are described 
in an illustrated 4-page brochure. 
Models filled with Indco Oil “A” have 
a temperature range from —40 to 70 
C; Pyroteen-filled capacitors, trom 
-70 to 90 C. Addition to the line 
of 8 mf (600 volts d-c), dual 4 mf 
(600 volts d-c), and 4 mf (1000 volts 
d-c) units is pointed out. Industrial 
Condenser Corp. 

No. 99, Re 


Tubu- 


RE-RATED INDUCTION MOTORS 
—Line of standard motors in ratings 
from 42 to 125 hp, available in new 
NEMA frame designations, is de- 
scribed in an illustrated 4-page cata- 
log. Included are drip-proof protected 
totally enclosed 
fan cooled, totally enclosed fan-cool- 
ed explosion-proof, and totally enclos- 
ed non-ventilated ~~ explosion-proof 
models. The Electric Products Co. 

No. 100, 


designs, as well as 


CERAMIC DIELECTRICS— Entitled 
“Titanate Ceramics for ; 
bulletin data on 
AlSiMag dielectric compositions for 
use in finished capacitors. Covered 


Capacitors,’ 


t-page provides 


are the characteristics, specifications 
and applications of available 
classes. Reference material on ceramic 
dielectrics, as well as a 
tables, are included. American 
Corp. 

rcle No. 101, F t rage 24 


two 


series of 


Lava 


HEAT-RESISTING FINISHES-—Sili- 
cone-based heat-resisting finishes for 
temperatures as high as 1600 F are 
described in a 4-page bulletin. Physi- 
cal properties, applications, and pos- 
sible savings are discussed. Data are 
also presented on non-silicone-based 
finishes for withstanding more mod- 
erate temperatures. General Paint 
Corp. 


rcle No. 102, Re ility, page 249 
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24" x 1-7/8" x 14!" 


Many aggressive merchandisers of in- 
dustrial components are using our poly- 
styrene boxes to improve their pack- 
aging .. . create sales appeal. 

Write for illustrated catalog, giving di- 
mensions, etc. . . . or visit our new 
factory and showrooms when in Chicago. 






INDUSTRIES 
1658 North Damen Ave. 
Chicago 47, Ill 
















PRESSURE POTENTIOMETER 
Two-page data sheet describes a dia- 
phragm bellows-type differential pres- 
sure potentiometer with standard 
ranges from 0-1 to 0-30 psi. Included 
are photographs, an outline drawing, 
a temperature vs deviation graph and 
complete specifications. Bourns Lab- 
oratories. 


e No. 103, Re ty, page 249 


CUITS—Variable resistors for printed- 
circuit applications are described in 
an illustrated 4-page brochure. Full 


RESISTORS FOR PRINTED CIR- 
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MOLDS 


ae) M88) :)-) 35 
CORD PLUGS 
AND CONNECTORS 
















and/or build 
rubber injection 
and rubber 
compression 
molds for all 













types of 
cord plugs and 
connectors. 






We design { 
and/or build ~ 
rubber injection Jw 
and rubber 






compression 
molds for all 
types of 

cord plugs and 
connectors. 

















Lanes 


Ud VA 


TOOL & MACHINE CO. 


29800 STEPHENSON HWY. 


OR PHONE 













ROYAL OAK, MICH. 








Now—Dynamatic Makes 
Ajusto-Spede Motors 
Available in Fractional Horsepower Sizes 





The addition of 5 new fractional horsepower models to the 
existing Ajusto-Spede line extends the available range of 
these adjustable speed drives from 4 horsepower to 75 


horsep« wer. 


This compact, self-contained unit is an integral combina- 
tion of AC constant speed induction motor, eddy current 


coupling, and electronic control. 


All fractional horsepower Ajusto-Spedes are rated 115/220 
volts, single phase or 220/440 volts, 3 phase. Sizes are ', 


Vs, and 14 horsepower at 1600 RPM; 4 and *, horsepower 
at 3200 RPM. 


If you have fractional horsepower adjustable 
speed drive problems, write for a copy of the 
Dynamatic Bulletin FAS-2. Bulletin GB1, which 
describes other Dynamatic Eddy Current products, 
is also available. 


Ajusto-Spede 
Advantages: 


Constant torque speed range: 10 to 1 
with 1600 RPM Ajusto-Spedes; 20 to 1 
with 3200 RPM units. 


Control accuracy: 2 per cent of top 
speed at any point within the speed 
range. , 


*« Minimum wiring to power line. 


Remote ‘‘one knob” control operation 
up to 100 feet. 


Rugged plug-in type integral one-tube 
electronic control. 


* Permanently sealed grease-packed 


bearings. 


Power output shaft extension at both 
ends of drive. 


ee 
)YWAMATIC DIVIS1O0ON EATON MANUFACTURING COMPANY 


— KENOSHA, WISCONSIN 
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Delivered 
for use on 
over 250 
Government 
contracts. 


























Only G-V offers complete 
technical data and helpful 
engineering cooperation on 


Maur Geel ae sek a ek 






















Write for bulletin and help with 
your particular problems. 


G-V CONTROLS INC. 


‘8 Hollywood Plaza 
East Orange, New Jersey 





Why has G=V in 


3 Years Become the 








Preferred Supplier of 


une 


Delay Relays? 


Because G-V OCTAL & 
MINIATURE RELAYS have been... 


adopted as production components 
by hundreds of principal producers 
of electronic, electrical and 

aviation equipment. 










G-V ENGINEERING OFFERS 
A NEW APPROACH TO 
THERMAL RELAY DESIGN 


e Stainless steel mechanism 
welded into a single integral 
structure and supported at 
both ends for unequalled re- 
sistance to vibration and 
shock 

¢ Heater built inside expand- 
ing member for maximum ef- 
ficiency and protection 

¢ Rolling contact action for 
positive Operation 

e Easy adjustability where 
desired 

© Precise operation never be- 
fore available in thermal 
relays 

e Time ranges: 3 seconds to 
5 minutes 

¢ Hermetically sealed in 
metal shell 

e Heater voltages up to 230 
volts 

e Fully temperature compen- 
sated 

¢ Suitable for military and 
industrial use 

¢ Unequalled for ruggedness 
and precision 


U. S. and Foreign Patents Pending 








































details are provided on a new type 
with self-supporting snap-in bracket 
as well as on other available models. 
Specifications and 17 diagrams are 
included. Chicago Telephone Supply 
Corp. 

No. 104, Reader Inquiry Facility, page 249, 
SHIELDED ENCLOSURES — Enti- 
tled “Evaluating Shielded  Engelo. 
sures’, 16-page pamphlet compares 
and evaluates major factors involved 
in shielded enclosure specifications, 
Among the topics discussed are the 
advantages and disadvantages of the 
various shielding materials available: 
screen rooms vs solid sheet enclosures 
and their applications: and attenv- 
ation vs insertion loss. Ace Engineer. 
ing and Machine Co. 
No. 105, R« 
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THERMOCOUPLES, PACKING 
GLANDS—Advantages of bare-wire 
thermocouple glands for sealing two 
or more bare wires at temperatures 
from full vacuum to 15000 psi are 
discussed in a 16-page catalog. Data 
are presented on bare-wire thermo- 
couple glands, packing glands, protec- 
tion tubes, and thermocouples. Curve 
and other illustrations are included. 
Conax Corp. 

No. 106, § 


INDUSTRIAL RUBBER PARTS - 
Described in a 22-page catalog on 
standard rubber parts from stock 
molds are grommets, bushings, wash- 
ers and similar products. Dimensions, 
specifications and other data are pro- 
vided. Miller Products Co., Inc. 

. 107, Reader Inquiry Facility, page 249 









Reader Inquiry Facility 


A regular feature in each issue, 
the Reader Inquiry Facility in- 
cludes postpaid return cards for: 


1. Additional information from the 
manufacturer on any product 
or service described in New 
Components and Materials de- 
partment in the current issue. 


2. Copies of manufacturers’ pub- 
lications reviewed in Literature 
for the Asking in each issue. 





w 


3. Single copies of reprints of 
selected feature articles cur- 
rently listed in Feature Article 
Reprints section. 









4. Further data from the source 
on any product described in 
Advertisements in the issue. 







Each item reviewed in the issue 
is assigned a key number. Circle 
the numbers on the return card for 
the items selected, fill in the card 





CTP e CM etme 
CS eu ae hee 
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completely and mail. 
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G vcame is one of the most re- 


spected names in the electrical industry. For more than fifty 



























ec- 
7 years Sangamo meters have measured electricity with great 
ed. 
accuracy, have required little maintenance, and have been easy 
to test and repair. Meters and associated equipment are made 
3 in the Sangamo Electric Company plant in Springfield, Illinois. 
on 
ck They safeguard performance through good design for each 
sh- requirement, individual tests at various stages of manufacture, 
ns, : : 
r0- and careful selection of materials. Natvar 400 Extruded Vinyl! 
Tubing and Tape are used because of their uniformly good 
electrical and physical properties—particularly the ability to 
7 resist heat. oil, corrosive atmosphere and abrasion. 
All Natvar flexible 
insulations are uni- 
formly dependable 
no matter where or 
when purchased. 
They are available 
Natvar Products 
either from your 
wholesalers’ stock or Varnished cambric—cloth and tape 
: Varnished canvas and duck 
direct from our own. 
Varnished silk and special rayon 
* Varnished—Silicone coated 
Fiberglas 
* Varnished papers—rope and kraft 
* Slot cell combinations, Aboglas® 
* Varnished-lacquered tubing and 
sleeving 
ae co e PORAT j ON * Extruded vinyl tubing and tape 
* Styroflex™ flexible polystyrene tape 
FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION Extruded identification markers 
TELEPHONE CABLE ADDRESS 
RAHWAY 7-8800 NATVAR: RAHWAY, N. J. Ask for Catalog No. 22 
a 207 RANDOLPH AVENUE e WOODBRIDGE, NEW JERSEY 
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EDITORIAL REPRINTS 


As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of edi- 
tors determines which editorial articles 
are to be made available to readers in 
reprint form. 

Reprints of articles in this and pre- 
vious issues which are now available 
are briefed here and in the following 
pages, to help readers select those 
which they would desire for their files. 
Any regular ELecrricaL MANUFAC- 
TURING reader qualifies for one copy 
of all single article reprints, without 
charge. 

The numerals shown in reprint list- 
ings correspond to the numbers shown 
on postcards incorporated in the 
Reader Inquiry Facility on the oppo- 
site page. Readers should circle those 


numbers indicating the reprints de- 
sired and then mail the card to the 
undersigned. R. I. F. postcards will be 
processed by the publisher only if all 
information requested is given and is 
clearly printed or typed. 

If multiple quantities of these re- 
prints are desired the rates to govern 
are indicated. Remittances must ac- 
company all orders. Larger quantities, 
special quotation. 

MULTIPLE REPRINTS (reprints 
or compendiums into which are com- 
bined several separate articles on the 
same or related subjects) are available 
at the nominal prices indicated in each 
listing. Letters ordering these must be 
accompanied by remittances. Large 
quantities, special quotation. These 
multiple reprints are listed by titles, 


sie To Get Them 





Cost of 
Single Subject Reprints 


No. of Number of Pages 
Reprints 4-12 16-82 
| Gratis Gratis 
5 $2.00 $ 3.75 
10 3.50 6.00 
25 7.50 12.50 





immediately following the single arti- 
cle reprint listings. 
John A. Campbell 
Director Reader Service 
ELECTRICAL MANUFACTURING 
1250 Sixth Avenue 
New York 20, N. Y. 





REPRINTS NOW AVAILABLE 


Dielectric Strength of Solid Insulation, 
May 1954, 12 pages. Results of tests 
made at frequencies from 60 cps 
to 100 me on 22 materials, both 
ceramic and plastics, are interpreted 
in relation to design requirements. 

(122) 


Relay Standards and Reliability, May 
1954, 12 pages. Summary digest of 
papers presented before the Second 
symposium on_ Electro-Magnetic 
Relays, sponsored by Oklahoma 


A. & M. College. (124) 


Combined JIC-NMTBA Electrical 
Standards, May 1954, 16 pages. A 
composite of the Joint Industry 
Conference Electrical Standards for 


Industrial Equipment, adopted 
March 1953, and the National Ma- 
chine Tool Builders’ Association 


Electrical Standards, adopted Jan- 
uary 1954. (140) 


Design of Graphic Control Panels, 
April 1954, 17 pages. The essential 
elements of and principal instru- 
ments and otlicr components enter- 
ing into comp!ex centralized process 
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control panel boards are described 
and illustrated in great detail. (114) 


Electro-Hydraulic Servo Systems, 
April 1954, 12 pages. The design 
criteria of fast, accurate closed-loop 
control circuits for machine tools 
using electrical sensing and hydrau- 
lic actuation for high inertia loads. 


(111) 


Arcing Performance of Plastics Insu- 
lation, April 1954, 8 pages. Results 
of tests on various plastics dielec- 
trics made at Boeing Airplane Co. 
indicate what materials used in elec- 
trical component design will not 
sustain an arc under aircraft operat- 
ing conditions. (118) 


Human Engineering in Control Sys- 
tems, March 1954, 12 pages. Re- 
view of fundamental principles and 
considerations in the man-machine 
relationship; case histories. (132) 


Simplifying Fabrication of Printed 
Circuits, February 1954, 8 pages. 
Improved stencil-etch process cuts 
production time; detailed descrip- 
tion of technique; bibliography of 
18 references. (112) 


Wide Speed Range Electrical Drives, 
March 1954, 8 pages. Available 
commercial types analyzed as to 
basic system, power, speed range 
and regulation; performance char- 
acteristics, advantages and _limita- 
tions are tabulated. (133) 


Silicone Rubber as Electrical Insula- 
tion, February 1954, 12 pages. Ap- 
plications for sheet, tape, and ex- 
trusions for cable and wire in 
motors, transformers and _ appli- 
ances; report of corona tests show- 


ing exceptional resistance. (134) 
Research Progress in  Dielectrics— 
1953, January 1954, 12 pages. 


Seventh annual review of confer- 
ence on electrical insulation; dis- 
cussion of thermal classification a 
major topic; studies of ferroelectrics 
and electrical degradation reported. 


(113) 


Selection of Permanent Magnet Mate- 
rials, January 1954, 8 pages. Mag- 
netic characteristics, application 
and design factors, mechanical 
properties and manufacturing meth- 
ods summarized and tabulated for 


(Continued on page 250) 
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READERS may avail themselves of 
this convenient prepaid postcard 
method of communicating with the 
publisher when desiring. informa- 
tion regarding what has been men- 
tioned, described, or offeréd in the 
editorial or advertising pages of 
= this issue. 

Simply circle the numbers on a 
card (like 17) corresponding to 
the numbers appearing in the items 
published in the following editorial 
departments: 


121 131 

122 132 INDIVIDUAL 
123 133 
124 134 
125 135 
126 136 
127 1 lea aa 
128 

129 
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ADVERTISED PRODUCTS 


Page |.Names of Advertisers rr emarona 


New Components 


- & Materials 
Page 158 
Complete review of all new mate- 
rials, metals, parts and equipment 
that become component parts of 








; ees te onde ine emeele 
the finished product. ELECTRICAL MANUFACTURING—MAY 1954 
1] 1 11 121 131 
Z 
. : 2 112 122 132 | iNowioua 
Literature for the Asking :| ; 13 123 133 
' 
P Page 232 OO) LS 
Listing of the mew literature, '| 5 125 135 
printed matter and catalogs which 1] 6 126 136 
; provide basic information for those ; 7 7 1 i ee ee ee ee 
engaged in the design engineering !] , a 
of products. . 
| # | 10 130 140 
5 ' 
as : 
oer Article * [Page [Names of Advertisers I og te a gt ee ee ea 
, eprints eed , 
\- age 4 STATE ‘ A 
: A complete listing of those editorial § 
) feature articles published in this 5 
, and past issues that are available in { | qec oe 
reprint form for filing, Gee Ere wake alls ote o ain oe oes on = Gata er ee ee ne eee 
: u 
= ye ft , 
i Advertised Pr oducts t iNDIVIDUAL 
u 
, Print names of advertisers and page ; 
: numbers of advertisements in space 
provided on card, if more informa- 4 Tre 
| tion is sought about what is adver- 
) n MPANY 
ou 
3 u 
Pe u 
. Only those cards can be processed } <6 
n that are completely filled out and 4 we 
] clearly printed or typewritten. This | 
‘. card good only until July 31, 1954. u 
r $ city ZONE 
u 
ai scale 
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19 types of cast, sintered and 
formed materials. (115) 


Reference-Voltage Circuits for Auto. 
matic Controls, January 1954, 8 
pages. Survey of methods and cir. 
cuits providing a constant reference 
potential under variations in input 
voltage and output loads; includes 
electronic circuits, glow tubes and 
magnetic circuits. (135) 


Magnesium Castings, December 1953, 
8 pages. Review of properties of 
alloys suitable for sand castings, 
permanent mold and die casting; 
production methods and typical ap- 
plications. (137) 


Printed-Circuit Design Sources, De- 
cember 1953, 4 pages. Tabulation 
of commercial and experimental 
design and fabrication services; sur- 
vey of materials used, end-product 
specialties, and design information. 

(138) 

Direct-Indicating Recording Instr. 
ments, November, December 1953, 
‘16 pages. Combined reprint of 
two-part article covers applications 
and functional requirements, and 
design elements and operating prin- 
ciples; for engineering testing use, 
as well as integral components of 
electrical products. (119) 


Tape-Controlled Machines, November 
1953, 8 pages. How human skill is 
recorded and repeatedly fed into a 
machine control system to eliminate 
human variables in long or short 
runs. (130) 


Voltage and Vibration Effect on Motor 
Insulation, November 1953, 8 
pages. Report on insulation life 
tests using methods developed at 
NRL to simulate motor winding 
conditions. (131) 


| Ceramic-Metals for Component De- 


sign, October 1953, 8 pages. Types 
of ceramic-metal aggregates, prop- 
erties and applications; for highly 
stressed and wear-resistant parts in 
high-temperature service. (120) 


New Functions for Wire Terminals, 
October 1953, 8 pages. Eleven case 
histories show effective combina- 
tion of structural functions and 
solderless connectors to reduce cost 
and improve performance. (117) 


New Nonrigid Materials for Insulating 
Systems, September 1953, 16 pages: 
Survey and evaluation of new mate- 
rials and composite structures im- 
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electrical insulating systems. (123) 






jluminum Castings Alloys, August 
1953, 8 pages. Composition, found- 
ry considerations and _ properties 
of lightweight alloys suitable for 
sand, permanent mold or die cast- 
ings. (129) 


Qualification Testing of Control Re- 
lays, June 1953, 8 pages. Rapid test 
reproduces four types of actual 
service conditions; test results point 
to greater emphasis on reliability 
and several specific design improve- 
ments for industrial control service. 


(136) 


STARTS WITH 












FOR ANY SIZE INDUSTRY 





Bol serene 
<< [mn | GG | oF 








Power Factor Measurement, July, Au- 
gust 1953, 20 pages. Combined 
reprint of two-part discussion of 
characteristics of usual power factor 
instruments, and their indications 
on non-sinusoidal power sources 
such as electronic rectifiers; a meth- 
od of power factor analysis for non- 
sinusoidal wave form. (139) 


Eagle industrial timers are play- 
ing an important role in the 
new era of automation. 


Eagle manufactures the most 


Multiple 
complete line of timers avail- 


Reprints able, from the “Microflex”, the 


Automatic Production, 72 pages. De- MICROFLEX king of timers, in ae de- 
sign Compendium No. 7. Selection Bulletin 110 pendability and versatility, to 
of 12 articles published since 1948 Yemen 
giving detailed data on automatic 
production systems, work handling 
methods, monitoring controls, auto- 
mation, tape-controlled machines 
and other related developments. An 
annotated list of contents was pub- 
lished in February 1954, page 324. 

$2.00 


Applying Magnetic Amplifiers, 72 = 
pages. Design Compendium No. MONOPULSE 


1A. Second edition of this popular 


booklet has been expanded to in- Bulletin 322 


clude four recent feature articles : 

in addition to the series by Dorn- - 

hoefer and Krummenacher. For an \ Write for FREE BOOKLET 

annotated list of contents see Jan- ” as Cc r 
“ an Do For You 

uary 1954, page 286. $2.00 } See What Timing 









the simpler “Monopulse”. 


Let experienced engineers sug- 
gest the right timer to increase 
profit in your individual pro- 
cess. Send your problem to 
Eagle today. 
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Designing Servomechanism Systems, 
96 pages. Design Compendium No. 
3. Thirteen feature articles or re- 
lated phases of design of feedback 
control or servo systems and servo 
applications, including the series of 
four articles by Herst. For a com- 


~~ 


--"\ \ 


seseyY 28 


FS 





| case plete list of the contents of this 
gat booklet see page 358. $2.50 
» cost Engineering Testing as a Design Tool, 
(117) (6 pages. Design Compendium No. | 
4. Twelve articles in a planned pro- 
lating gram covering instrumentation as a 
pages. function of product development; 
mate- environmental testing, sound and 
Ss ; - 
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IE | vibration, measuring non-sinusoida) 
| circuits, use of oscilloscope, vacuum 

: tube voltmeter and high-speed pho. 
tography. $2.50 


4 yah ATED Tiare | Plastics and Dielectric Materials, 99 


pages. Design Compendium No, 5 
Fourteen articles reporting signifi. 
cant developments in new resins 
and insulations, plus annotated list 


, of 80 articles published in Exec. 
“SILVER er Dee ‘ ‘ 
vs rRICAL MANUFACTURING during the 
OVERLAY | past 8 years; subjects include fluoro- 
INLAYS carbons, silicone rubber, embed- 


ments, ceramics, glassfiber paper 
high-temperature insulation. $3.00 


Electro-Hydraulic Control, 56 pages, 
Design Compendium No. 6. Series 
of feature articles published in a 
continuing editorial program dis- 
cussing significant steps in the de- 
velopment of integrated electrical 
and hydraulic control systems. For 
an annotated list of the 10 articles 

a in this booklet see page 277 in this 

While at the Basic Materials Exposition May 17-20, 1954, pre — 

in the International Amphitheatre, Chicago — you are . 

cordially invited to visit our booth. We’re looking Multiple Reprints at 


forward to meeting you. Quantity Prices 


The IMPROVED SEAMLESS WIRE COMPANY Since handling expense is a signifi- 


INCORPORATED 1898 cant cost element in the distribution 
775 Eddy Street, Providence 5, Rhode Island of these Design Compendiums, group- 
ing of orders makes possible substan- 
tial savings in cost per copy. For 
single shipments to one address, on 











S 4 + x BR orders accompanied by _ remittance, 
5 the following prices per copy apply: 
Quantity 
Title 5 25 
Electro Hydraulic Control 1.00 0.85 
* Servo System Design 1.25 1.00 
Magnetic Amplifiers 1.35 1.10 
‘ Automatic Production 1.35 1.10 
Engineering Testing 1.50 1.25 
Plastics and Dielectrics 1.75 1.50 
e Prices given above include shipping 
charges. Make checks payable to The 
Gage Publishing Company. Orders 
. can be accepted only when accom- 
panied by payment. 
2 . . , are , ed ¢ yage 
PLASTIC BULBS? Plastic tires? Plastic golf balls? Who Postcarps are provided on pa 


knows where plastics will be used next! Or how! Don’t miss 
developments and applications in your field. New methods, 
new materials, new equipment—all on display at the National , ne “_— 
Reprints, additional data on New 

PLASTICS EXPOSITION — at CLEVELAND — JUNE 7-10. 
Write for tickets (they’re not available to general 
&. public) on your company letterhead 


249 as a convenience to the read- 





er in obtaining Feature Article 


Components and Materials, manu- 


: facturers’ copies of Literature for 


NATIONAL PLASTICS EXPOSITION 


sponsored by 


the Asking, and additional infor- 





mation on Advertised Products. 





THE SOCIETY OF THE PLASTICS INDUSTRY, 67 W. 44TH ST., NEW YORK, N. Y. $$ $< 
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now made for all electrical insulations 


A complete series of continuous filament yarns in- 
cluding 75-, 150-, 225-, 450- and 900- series yarns 





0 ° ° 

* now are offered the wire and cable industry by 
0 Libbey:Owens: Ford. 

0 L:O:F yarns are made in a wide variety of single- 
5 


and multiple-end packages. They can be used directly 
on standard types of magnet wire serving and wire 
covering machines, as well as on braiders, knitters 
and other conventional textile equipment. Waxed 
yarns are available, as well as special after-treat- 
ments. 
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Why not consult us on your electrical insulation 
needs. Our expanded production facilities insure de- 
livery of your quality L:O-F Fiber-Glass yarns on 
schedule. Contact your nearest L°O-F office (offices 
in 26 major cities). Or write: Libbey-Owens: Ford 
Glass Company, Fiber’Glass Division, 1254 Wayne 
Building, Toledo 3, Ohio. 


a ain es 
me 


LIBBEY -OWENS-FORD GLASS COMPANY 
FIBER- GLASS DIVISION 
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Arthur Marquis 
Design and Application 


Engineer Engineer 


Arthur R. Kozlowski 
Design and Application 


John H. Smedley 


Design and Application 
Engineer 


\ 


\ 


George D. Barcus 
Design Engineer 


Rollin J. Parker 
Supervisor—Magnetic 
Products Design and 
Application 


These Carboloy permanent 


At the modern Carboloy magnet laboratory, in Detroit, 
trained engineers work with the finest equipment. 
Where necessary, special instruments are often designed 


by the engineers. 


DC Recording Hysteresigraph. Si- 
multaneously plots magnetic force 
and resulting magnetic induction. 
Produces complete hysteresis loops, 
not ordinary point-by -point readings. 


With such complete facilities, Carboloy magnet engineers 
can give you accurate information, quickly. And, they 
can thoroughly test their designs and the performance 


of the magnets in your products. 


High H-Permeameter. Provides 
point-by-point readings of magnet- 
izing force and induction. Control 
table and Ballistic Galvanometer also 
used for general flux measurements. 


Condenser Discharge Magnetizer. 
Produces very large current impulse 
for magnetizing magnet configura- 
tions that can best be accomplished 
with special field shapes. 


be. 








Robert J. Studders 
Supervisor—Magnetic 
Materials and Process 
Development 


Ernest E. George 
Mgr.— Design and 


wey Application Engineering 


and 


1nimagnet engineers 
improve products, cut costs 


Experienced magnet engineers, using the latest test and development 
equipment, will provide complete engineering appraisal service 


You can get valuable technical assistance, without 
obligation, on the design and application of perma- 
nent magnets, from Carboloy magnet engineers... 
men who are leaders in the field. 


Only at the Carboloy Department can you obtain 
engineering appraisal service and sample magnets 
from separate laboratory facilities devoted exclusively 
tohelping you determine the design and optimum size, 
shape and strength magnets to fit your particular 
application. Your product will be tested in the modern 
Carboloy magnet laboratories, on the latest test in- 
struments, to assure the maximum operating effi- 
ciency of the magnets. 


PROVED RESULTS 


The assistance Carboloy engineers have given other 
designers and manufacturers has paid off time and 





again in lower production costs, improved product effi- 
: ciency, simplified assemblies and reduced product size. 


You can rely on their solutions because these engi- 
neers, many of whom worked on the original devel- 


Three typical, successful appraisal projects: 


INSTRUMENTS. Working with Thomas A. Edison, 
Inc., Carboloy engineers provided the magnet design 
that made possible a revolutionary fire detection 
relay. Use of the proper magnets simplified the 
design of the relay and reduced its size and weight. 


CONTROLS. The development of the hysteresis brake 
was pioneered by Carboloy magnet engineers. Now 
widely used in the textile and wire rope industries, 
this brake eliminates friction, while maintaining the 
hecessary constant tension. 

TELEVISION. Carboloy magnet engineers collabo- 


rated with tube engineers on the design of a new 
Magnetic internal focusing device. They designed 





zer. the smaller, more efficient magnets that helped 
ulse eliminate focusing dials and external assemblies. 
\ra- 


hed 





Edgar W. Engle 


Mgr.—Product and 
Process Development 
Engineering 


Edgar L. Hubbard 


Sales Mgr.—Permanent 
Magnets 


opment of Alnico, are specially trained and experi- 
enced in all phases of permanent magnet design and 
application. 


You can depend on Carboloy magnet sales engi- 
neers, too, for authoritative and intelligent answers 
to your questions. These men have intensive, special 
training in permanent magnets, supporting their engi- 
neering and technical backgrounds. 


A COMPLETE SERVICE 


Together with the engineers who are working on the 
development of new magnetic materials and on the 
improvement of existing Alnico grades, these men 
make a complete permanent magnet team. Their sole 
job is to help you utilize the tremendous potential 
of permanent magnets for new and improved products. 


This team can start working for you, today. Just 
fill out the coupon and attach to it your company 
letterhead, and where possible, blueprints or sketches 
of the job. Or, if you prefer, the coupon will bring 
a call by your local Carboloy magnet sales engineer. 


CARBOLOY 


DEPARTMENT OF GENERAL ELECTRIC COMPANY 


“Carboloy”’ is the trademark for products of the 
Carboloy Department of General Electric Company 


CARBOLOY 
Department of General Electric Company 
11109 E. 8 Mile Blvd., Detroit 32, Michigan 


: [] | would like magnet engineering assistance; | am enclosing necessary 
. information and blueprints. 


[] Have a Carboloy magnet salesman call. 
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not ordinary point-by-point readings. used for general flux measurements. with special feld shapes. 
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SAND & DUST test chambers with com- 
pletely automatic dust density control. 


ALTITUDE chambers for testing from sea 
level to 100,000 ft. or higher with tem- 
peratures from —100° F to +200° F. 


HUMIDITY chamber simulates relative 
humidity from 20% to 100% between 
+35° Fand +200° F. 





American Research Test Equip- 
ment can be designed and built 
in a variety of sizes and ranges 
to meet specific requirements. 


Write for catalog. 


PLE ML LLL 


CORPORATION 


833 BROOK ST. BRISTOL, CONN. 
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MIT Offers Course 
On Automatic Control 


A special two-week summer pro- 
gram on the Automatic Control of 
Machine Tools will be held from Au- 
gust 23 to September 3 in the Servo- 
mechanisms Laboratory, 
setts Institute of — Technology, 
Cambridge 39, Mass. The program 
will be under the direction of Pro- 
fessor J. Francis Reintjes, director of 
the Laboratory. 


Massachu- 


Morning sessions of the two-week 
program will be devoted to studies of 
systems and components, including 
the following topics: principles of in- 
formation of processing as applied to 
the use of machine tools; numerical 
control systems and their machine tool 
applications; equipment design for 
numerical control systems, including 
data input and storage devices. Other 
topics to be covered include compu- 
tational equipment, servomechanisms 
for machine tool control, and design 
considerations for system reliability. 

In addition, there will be afternoon 
sessions devoted to programming 
techniques, using the numerically con- 
trolled milling machine developed in 
the Servomechanisms Laboratory un- 
der U. S. Air Force sponsorship. 

Since the number of registrants 
must be limited, preference will be 
given to applications from those now 
engaged in designing or applying 
automatic machine tool equipment, 
or who anticipate entering this field. 
Tuition for the program is $160. 


IEC To Meet In Philadelphia 


Seven hundred electrical technical 
experts from 29 countries and the 
U. S. are expected to attend the 50th 
anniversary meeting of the Interna- 
tional Electrotechnical Commission, 
to be held on the campus of the Uni- 
versity of Pennsylvania, Philadelphia, 
Sept. 1-16. 

Dr. Harold S. Osborne, formerly 
chief engineer, American Telephone 
and Telegraph Co., is IEC president. 
Richard C. Sogge, General Electric 
Co., is president of the U. S. National 
Committee of the IEC. 

The delegates will hold 226 morn- 
ing and afternoon sessions in which 
they will work on international stand- 
ards in various fields of electronic and 
electrical engineering. 

The work of the IEC is carried on 
by 37 technical committees, 26 of 
which will hold sessions in Philadel- 


ELECTRICAL 


. 


phia. Committees work on standards 
covering dimensions of motors, cur- 
rent ratings and frequencies, insulat- 
ing materials, and electronic tubes. 

The Philadelphia meeting will in- 
clude an all-day Jubilee celebration 
on Sept. 9 commemorating the 50th 
anniversary of the IEC. 


Electronic Components Symposium 
To Cover Miniaturization 


Miniaturization and _ reliability of 
electronic components will be em- 
phasized during the second session of 
the 1954 Electronic Components Sym- 
posium, May 4-6, Washington, D. C, 
Entitled “Relationship of Materials 
Developments to Component Prog- 
ress,” this session, to be held on May 
4, will consist of six technical papers. 
This session, like all other meetings 
of the Symposium, will be held in the 
auditorium of the U. S. Department 
of the Interior. 

In all, seven technical sessions will 
be held during the Symposium, which 
is the fifth of a series of national meet- 
ings, sponsored jointly by the Ameri- 
can Institute of Electrical Engineers, 
the Institute of Radio Engineers, the 
Radio - Electronics - Television Manu- 
facturers Association and the West 
Coast Electronic Manufacturers Asso- 
ciation, with active participation by 
agencies of the Department of De- 
fense and the National Bureau of 
Standards. M. Barry Carlton, of the 
Department of Defense, is Chairman 
of the Symposium Committee. 

Advance reservations are being ac- 
cepted by A. E. Zdobysz, 1 Thomas 
Circle, Washington, D. C. Registration 
is $1.50 if paid in advance; $2.50 if 
paid at the door. Published Proceed- 
ings containing complete transcripts of 
all papers will be available for $3.50, 
if advance payment is made and for 
$4.50 if ordered after the meeting. 


Hickernell Nominated 
To AIEE Board 


L. F. Hickernell, chief engineer, 
Anaconda Wire & Cable Co., has been 
nominated a director of the American 
Institute of Electrical Engineers. If 
elected, he will serve for a four-year 
term. Mr. Hickernell has been a mem- 
ber of the board of directors of the 
AIEE since January 1, 1953, when he 
was elected to fill a vacancy. 

A graduate of Cornell College and 
the Massachusetts Institute of Tech- 
nology, Mr. Hickernell has served the 
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LACKSTONE 


CORPORATION 


Reduces 
Weight and Cost 








with 


PARKER 
DIE 
CASTINGS 


IES, ACKSTONE’S Full-Automatic Washer with the new flexible 
cycle is a distinct improvement over previous types. Today’s 
housewife knows new leisure because of Blackstone’s advanced 
engineering and design. For instance, the three parts shown 
here are Parker Die Castings. Costs are lowered since machin- 
ing is virtually eliminated. Weight has been reduced without 
loss of strength. Parker Die Castings are in use in nearly every 
industry —cast to exacting alloy and design specifications 
by experienced Parker craftsmen. Call on Parker en- 
gineers the next time you need die castings. Each 

of us will profit. 
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Parker White Metal Company e 2153 McKinley Ave., Erie, Pa. 
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FLOWER 


BRUSH HOLDERS 


e MORE THAN 1,000 TYPES AVAILABLE 


e INDIVIDUALLY DESIGNED FOR SPE- 
CIAL APPLICATIONS 






SPECIAL 
TANDEM 


GANG BRUSH HOLDER 


YOUR FLOWER BRUSH HOLDERS 


OFFER THESE SPECIAL FEATURES 


EXACT: engineered to your speci- 
fications for a rigidly constructed, 
long wearing BRUSH HOLDER. 


ACCURATE: engineered to your 
needs for the accurate dimensions 
of the box interiors to persist for 
long periods of time. 


RIGHT: engineered from design to 
manufacture for the special type 
of BRUSH HOLDER your speci- 
fications require. 


CHECK FLOWER PRECISION 
ENGINEERED BRUSH HOLDERS NOW! 


WRITE FOR CATALOG 4M 


D. B. FLOWER MFG. CO. 


1217 Spring Garden Street, Phila. 23, Penna. 





AIEE in many capacities, most  re- 
cently as chairman of the technical 
program committee for the Winter 
General Meeting of the AIEE held 
recently in New York. 


SRL Sponsors Symposium 
On Automatic Production 


Joint sponsors of the Symposium on 
Automatic Production of Electronic 
Equipment are Stanford Research In- 
stitute and the U. S. Air Force. The 
Symposium, which was held on April 
19-20, Fairmont Hotel, San Francisco, 
examined developments in the field 
of automation and future applications 
for defense and industry. 

Lt. Gen. Lawrence Craigie, deputy 
chief of staff in charge of develop- 
ment, U. S. Air Force, gave the 





May 2-6—One Hundred and Fifth 
Meeting; the Electrochemical So- 
ciety, Inc., La Salle Hotel, Chi- 
cago. 


May 3-8—75 Semiannual Conven- 
tional of the Society of Motion 
Picture and Television Engineers, 
Hotel Statler, Washington, D. C. 


May 4-6—1954 Electronic Com- 
ponents Symposium, sponsored by 
the IRE Professional Group on 
Electronic Component Parts and 
various professional societies, with 
the active participation of agen- 
cies of the Dept. of Defense and 
the National Bureau of Standards, 
The Dept. of Interior Auditorium, 
Washington. 


May 4-7—National Spring Tech- 


nical Meeting, the American 
Welding Society, Hotel Statler, 
Buffalo, N. Y. 

May 7-8—New England Radio 


Engineering Meeting; North At- 
lantic Region of the Institute of 
Radio Engineers, Sheraton Plaza 
Hotel, Boston. 


May 10-12—Fifth National Con- 
ference on Airborne Electronics; 
Dayton Chapter of the Institute of 


Radio Engineers and the Pro- 
fessional Group on Aeronautical 
and Navigational Electronics 
(IRE), Dayton Biltmore Hotel, 
Dayton, Ohio. 

May 12-14—Midyear Divisional 


Meetings; The Porcelain Enamel 
Institute, Edgewater Beach Hotel, 
Chicago. 


May 17-19—Appliance Technical 
Conference; American Institute of 


Calendar of Meetings 


ail 


keynote address. General chairman of 
the Symposium is Low K. Lee, head 
of  Stanford’s 
Advanced 
Among 


Research — Institute’s 
Techniques Laboratory, 
members of the advisory 
Board are representatives from the 
Government and Industry. 

The Stanford Research Institute has 
been working for three years on auto- 
mation, on research sponsored by the 
U. S. Air Force. Results of this activ- 
ity, as well as that of other current 
research, were discussed at the Sym- 
posium. 


Graduate Program 
For Relay Engineers 

A graduate program in electromag- 
netic relays, leading to a Master of 
Science Degree in Electrical Engineer- 





Electrical Engineers, Morrison Ho- 
tel, Chicago. 


May 17-20—Basic Materials Ex- 
position, International Amphithea- 
tre, Chicago. 


May 24-26—Conference on Tele- 
metering; American Institute of 
Electrical Engineers, Morrison Ho- 
tel, Chicago. 


June 7-10—Sixth National Plastics 
Exposition; The Society of the 
Plastics Industry, Inc., Public Au- 
ditorium, Cleveland. 


June 13-18—Annual = Meeting; 
American Society for Testing Ma- 
terials, Sherman and Morrison Ho- 
tels, Chicago. 


June 16-18—High Vacuum Syin- 
posium; the Committee on Vacuum 
Techniques, Berkeley Carteret Ho- 
tel, Asbury Park, N. J. 


June 21-25—Summer and Pacific 
General Meeting; American Insti- 
tute of Electrical Engineers, Bilt- 
more Hotel, Los Angeles. 


June 28-30—Sixtieth Semiannual 
Meeting, American Society of 
Heating and Ventilating Engineers, 
New Ocean House, Swampscott, 
Mass. 


Aug. 25-27—Western Electronic 
Show & Convention; co-sponsored 
by West Coast Electronics Manu- 
facturers Association and 7th Re- 
gion IRE, Pan Pacific Auditorium, 
Los Angeles. 


Sept. 1-16—Golden Jubilee Meet- 
ing; International Electrotechnical 
Commission (U. $. member, Amer- 
ican Standards Association), Univ. 
of Pennsylvania, Philadelphia. 


258 


ELECTRICAL MANUFACTURING 





ae 








Could Harnischfeger's solution be your solution ? 





1. Higher production from mining equipment, Heavy excava- 
tors, such as this Harnischfeger P&H Model 1600 Electric Shovel, 
are designed with Class B insulation on all large d-c motors and 
generators, for heavier loads and longer life. Class B ISOMICA 
tape is used to insulate windings because of its outstanding uniform- 
ity and flexibility features. 


2. Brake coil protection with ISOMICA tape. This d-c brake coil 
used in conjunction with 230-v d-c Harnischfeger Crane and Excava- 


tor Motors operating on continuous duty cycle, 75°C rise, gets pre- 
mium electrical protection from ISOMICA tape. Made from long rolls 
of thin continuous mica sheet, this tape has no high spots or voids, 
gives more uniform mechanical and dielectric strength. 


‘Ss 
bs 





3. Greater loads and longer service. For heavy industrial work, 
Harnischfeger P & H Overhead Electric Cranes are sturdily built 
mechanically, use the strongest, most uniform electrical insulation 
for added performance and protection. The ISOMICA insulation, 
which Harnischfeger uses, is strong both mechanically and electrically 
...can be wound using taping machines without breaking. 


4. Easy application, superior performance. An armature coil 
and a motor field coil, both to be used in Harnischfeger Electric 
Cranes, are wound with ISOMICA tape made from thin continuous 
mica sheet. This is just one of the many specialized insulation ma- 
terials developed by Mico to help manufacturers build improved 
performance into their electrical products. 


Whatever electrical insulation material you need—Class A to Class H —stand- 
ard or special—MICO makes it best. We manufacture it, cut it to size, or 
fabricate it to your specifications. Send us your blueprints or problems today. 





MICA Vusubator COMPANY 


Schenectady 1, New York 


Offices in Principal Cities 


In Canada—Micanite Canada, Ltd., Granby, Quebec 


LAMICOID ® (Laminated Plastic) « MICANITE © (Byilt-up Mica) « EMPIRE © (Varnished Fabrics and Paper) ¢ FABRICATED MICA * ISOMICA ® 
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What did they use 
before 
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TRADE-MARK 
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In this pneumatically controlled regulator, 
an ANGI gear is used to convert horizon- 
tal power drive to a vertical axis. 


Any engineer can design a 
right-angle power transmis- 
sion. Most once did. Some, 
who have the time and budg- 
et, still do so. Others have 
discovered that ANGLgear 
bevel 


gear—is ready made for vir- 


—compact, versatile 
tually any right-angle applica- 
tion. Inexpensive, too... only 
$19.50 for the small model, 
$39.75 for the larger unit. 
Contact your distributor or 


write us for information. 


Accessories Corporation 


HILLSIDE 5, NEW JERSEY 
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ing, will be inaugurated this summer 
at Oklahoma Agricultural and Me- 
chanical College, Stillwater, Okla- 
homa, June 7 to August 7, 1954. 

The program has been so arranged 
that a student may enter at the start 
of any summer term, with courses 
being offered in a four-year cycle. 
Enrollment is also accepted for a 
single summer term only. Prerequisite 
for major work is graduation from an 
electrical engineering curriculum ap- 
proved by the Engineers Council for 
Professional Development. 

Courses to be offered this summer 
include: electromagnetic relays, elec- 
trical transients, and a seminar on re- 
lays. For additional information, write 
to Professor C. F. Cameron, School of 
Electrical Engineering, Oklahoma 
A & M College, Stillwater, Oklahoma. 


ARI Elects De Fino 


New president of the Air-Condition- 
ing and Refrigeration Institute is A. J. 
De Fino, vice president, Fedders- 
Quigan Corp., Buffalo, N. Y. He was 
elected at the Institute’s Annual Board 
of Directors Meeting held at The 
Greenbrier, White Sulphur Springs, 
W. Va. General headquarters of the 
Institute are located at 1346 Connecti- 
cut Ave., N. W., Washington, D. C. 


Cleveland Engineering Society 
Selects Littlejohn 


Sam Littlejohn, commercial vice 
president of the General Electric Co., 
has been named Corporate Division 
Chairman of the Cleveland Engineer- 
ing Society Building and Development 
Fund campaign to raise $1,378,000 
for the erection of a downtown Cleve- 
land Engineering Center. 

Except for military service during 
World War I, Mr. Littlejohn’s entire 
business career has been devoted to 
General Electric, where he served in 
various capacities, being elected a 
vice president in 1951. A graduate 
electrical engineer, he is active in 
many professional and technical so- 
cieties, including the Cleveland Engi 
neering Society, the American Society 
of Mechanical Engineers, and the 
Association of Naval Architects and 
Engineers. 


Appliance Conference 
To Meet in Chicago 


Overall theme of the 3-day Fifth 
Annual Appliance Technical Confer- 
ence, is “Performance, Testing and 
Standardization.” Sponsored by the 
American Institute of Electrical Engi- 
neers, the Conference will meet at the 
Morrison Hotel, Chicago, May 17-19. 

The opening address, to be de- 
livered by J. C. Sharp, president, Hot- 





RAM thrives on tough 
assignments in electro-mechani- 
‘al and electronic components— 
both development and manufac- 
turing. 





A Typical Example 


RAM redesigned this Transmit- 
ter Commutator for the Sperry 
Gyro Compass. Over 200 parts 
were eliminated by a special pro- 
cess for molding the segments, 
interconnecting links, terminals 
and mounting bosses into one 
compact, integral unit, now 
readily replaceable in the field. 
Substantial savings in unit costs 
were effected through RAM’s 
flexibility in manufacturing and 
pioneering design. 





Perhaps 


we can 


help you, too 


Send for new Brochure K54 for a 
more complete explanation of 
where we may fit into YOUR picture. 


UU ta 





alte 1: meh i) 


1104 Hilton Road 
Ferndale 
DETROIT 20, MICHIGAN 
Telephone Lincoln 4-7220 
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heat from 
-a heat’ / of Chromel ? 


















You've seen molten metal before . . . but chances And from it, ultimately, will come approximately 


are you've never seen a “heat” that’s more closely 1200 pounds of fine finished material . . . smooth, 
controlled as to composition and quality than the one bright, durable wire or ribbon produced to a spec- 
you see above. For this is a heat of Hoskins Chromel ified resistivity for long, dependable service as heating 
... the original nickel-chromium alloy that first elements or cold resistors in countless different elec- 


made electrical heating practical. Into it go precise trical devices. 


amounts of the purest raw materials obtainable... » . a 
Chromel, however, is only one of many specialized, 


mixed, melted, and poured in exactly timed cycles. 


quality-controlled alloys developed and produced by 
Hoskins. Others include: Alloy 502 . . . used through- 
out industry for a wide range of heat resistant me- 
chanical applications. Spark plug electrode alloys... 
which have become universally accepted standards of 
quality and durability. Alloy 717 . . . used in facing 
engine valves for longer life and improved service. 


And, of course, there are Hoskins Chromel-Alumel 





thermocouple alloys for industrial furnaces and jet en- 


Heating elements madeof Hos- Spark plugs equipped with Hoskins Chromel-Alumel ther- : on . 

kins Chromel give long life Hoskins electrode alloys give | mocouple alloys accurately gines . . . unconditionally guaranteed to register true 
service in industrial electric long dependable service wher- register exhaust temperatures a pg a dace 
furnaces, home appliances. ever they're used. of jet aircraft engines. temperature-e.m.f. values within close specified limits. 


MANUFACTURING COMPANY 


NICKEL cHROMIUM 
4445 LAWTON AVENUE ® DETROIT 8, MICHIGAN WIRE = / 


* 





point Co., is entitled “Appliance Engi. 
neering for Performance.” Among 


\\ Have You A Design Problem 








other authorities on appliances who 
aif will participate are C. V. Krichton, 
\\ Involving Gusitdlans? Toastmaster Products; W. E. Mahaf- 


fay, Whirlpool Corp., and B. F. Parr, 
Westinghouse Corporation. 
Technical papers to be read in- 
| clude: “Contact Sticking,” by Frank 
Spayth, R. P. Mallory Co.; “Appliance 
Testing,” by F. J. Schlink, Consumers’ 
Research, Inc.; and “Electronic Range 
| Control,” by H. T. Thunander, West- 
| inghouse Electric Corporation. 


\\ 


Virgil Graham Appointed 
By RETMA 


Closely associated with the Radio 
Electronics-Television Manufacturers 
Association since 1929, Virgil M. 

| Graham, formerly director of public 
relations, Sylvania Electric Products 
Inc., has been placed in charge of the 
RETMA Engineering Department. 
Mr. Graham will retain the title of 
associate director of the department, 
which he formerly held in an honorary 
capacity, and will continue to perform 
the duties of that office as well as 
those of chief engineer. 

Beginning his standardization work 
about 1925 while serving on a number 


of standardization committees of the 

Thea y , ‘ 1 ‘ . . . : 
Whether youre designing a er ene rie Institute of Radio Engineers, Mr. 
product or redesigning an exist- a vi i i cs re 7 Ss Graham's major activities were in in- 
ing one, chances are that the dustrial standardization in the radio 


Acro-Mu switches can ease your 


path. You see, no other line of Can Wo Most 


snap-action switches comes in so 


and electronics field. He was active in 
the early radio standardization work 
of the National Electrical Manufac- 


many standard types. Hence, you Ke Oak turers Association, assisting in the 
y YPe fi y eT [ae | publication of the three issues of the 

can in all probability profit from oa ‘sig 
ices: baie senna: lt eakala OFTEN REDUCE | NEMA Handbook of Radio Standards. 
P 8 8 COSTS, TOO Early in 1947, Mr. Graham was ap- 


3 pointed to the Joint Electron Tube 
Acro or Mu switch for your | Engineering Council (JETEC) of 


special. needs. ‘Teo, there ay = Cy | RTMA and NEMA. In 1952 and 1953, 
be the opportunity to improve 


. w : Ps ij | Mr. Graham attended the IEC meet- 
your products’ performance... CATALOG wt F< ‘ | ings in Holland and Yugoslavia, re- 
to solve production bottlenecks 4 ' spectively, as a U. S. delegate. He is a 
This new 36 page cat- 5 : 7? 2 S Bee 
. to lower costs. Why not find — alog belongs in every fila member of many engineering societies 
? Wri design engineer's file. It and a Fellow of the Institute of Radio 
out today? Write us and one Of Sick operating charac- ‘sca 
our sales engineers will call. teristics, dimensions and apeeers. 
other specifications for 
nearly 100 types of 
Acru-Mu Switches. Write 
for your copy today. 


able to use a production line 





Resistance Welder Group 
To Encourage Research 


In order to encourage training in 
resistance welding research, the Re- 
sistance Welder Manufacturers’ Asso- 
| ciation, Philadelphia, has announced 
| the appropriation of funds for grants- 
| in-aid to worthwhile university re- 

searchers. The first grant will be for 

research on the subject of “Spot Weld 

Aluminum With Single-Phase, 60- 

Cycle Current.” 

In view of this new research pro- 
gram, the Association has canceled for 
1954 its usual annual contest for pa- 

Plants at Columbus and Hillsboro, Ohio pers on resistance welding. 


REPRESENTATIVES IN ALL PRINCIPAL CITIES Further information on the grant- 


The Biggest Line of Little Switches 
ACRO SWITCH DIVISION 


COLUMBUS 16, OHIO 
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: STACKS OF STABILITY 


i Bradley rectifiers invariably exceed per- _ assures low cost. We would like to prove 
sa formance requirements, but this quality it by quoting now on your rectifier 
- bonus does not carry a premium price. needs. Please fill out the form below — 
Our exclusive vacuum process not only _ noobligation, of course. You will get quick 
assures stability and long life; it also action. 


VACUUM PROCESSED—for performance as rated 
= BRADLEY LABORATORIES, INC., 168A COLUMBUS AVENUE, NEW HAVEN 11, CONNECTICUT 


<< <= Ge mee «oD ame @& oum ¢ eee 


Circuit cemme FINISH REQUIRED: ee 


DC Output: Volts Min. mee Amperes Max. 





Or 


ld 
D- 


: h ee 
AC Input: Volts Max. ae Phase QUANTITY: 





LOAD: Res a 





NN En 


On a 





OUTY: Continuots —____ Intermittent 





ADDRESS ae 





COOLING: Convection comme FOFCED seme Ft. Per Min. 





Max. Ambient Temp. a 





G MAY 1954 





in-aid may be obtained from the Re. 
sistance Welder Manufacturers’ Asso- 
ciation, 1900 Arch St., Philadelphia 
3, Pa. 






NEC Elects Soria President 


Dr. R. M. Soria, director of re- 
search, American Phenolic Corp. 
€ e e | Cicero, Ill., has been elected president 


| of the 1954 National Electronics Con- 
ference, Inc. Elected as chairman of 
the board of directors was Mr. R. R. 
Batcher, formerly chief engineer of 
the Radio-Electronics-Television Man- 
ufacturers Association. 

The tenth annual conference of the 
NEC will be held October 4-6, at the 
Hotel Sherman in Chicago. At the 
1953 Conference, registration totaled 
6,887. Ninety-eight papers were pre- 
sented. 

The Conference is sponsored by the 
American Institute of Electrical Engi- 
neers, Illinois Institute of Technology, 
Institute of Radio Engineers, North- 
western University and the University 
of Illinois, with participation by the 


A NEW PLANT 


he : : Radio-Electronics Television Manu- 

A modern building designed specifically facturers Association, Society of Mo- 

for relay manufacture is another step tion Picture and Television Engineers, 

in the continuing effort to improve oe University, and the University 
; “a Oo isconsin. 

Struthers-Dunn services and maintain 


maximum production of high quality 


IRE Honors General Sandretto 
products at favorable prices. 


Presentation of a citation to Briga- 
dier General Peter _C. Sandretto, 


USAFR, was recently ade bv the 
A NEW LOCATION er ee ney mone Eee 


Jersey Subsection of 





: the Institute of Radio Engineers. Gen- 
The entire Struthers-Dunn factory and eral Sandretto, a Fellow of the IRE, 
headquarter offices have been moved is a technical director of Federal Tele- 
to a new location, approximately 15 communication Laboratories, Nutley, 
: ; N. J. He received his citation in rec- 
miles Southeast of the Philadelphia- cas ; ear 
ognition of his contributions to both 
Camden Area. 


military and civilian aeronautical 
communications and navigation. 


NEW ADDRESS Schenectady to Play Host 


LAMB'S ROAD e PITMAN, N. J. Pn ar ee 
Schenectady, N. Y. will be the set- 
’ | ting of the Northeastern District Meet- 
ing of the American Institute of Elec- 
trical Engineers, which will be held 
May 5-7. 500 electrical engineers and 
erie TT es scientists from the New England 
| states, and New York State are ex- 
pected to attend. The technical pro- 
gram will include papers on semi- 
| conductors, magnetic amplifiers, con- 
trol systems, computers, research, and 
many other subjects of current in- 

terest. 





NEW TELEPHONE 


ee PITMAN 3-7500 








| ASHVE Elects 
| J. W. James President 
At its 60th Annual Meeting, the 
American Society of Heating and Ven- 
tilating Engineers, elected as its sec- 
ond vice president John W. James, 
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Simplify Your Access Panel and Door Assemblies... 


ann @ 


Fastening removable access doors and panels need not be a laborious and costly 
production or assembly operation—not if they’re fastened with QUICK-LOCK. 

Designed for simple installation, QUICK-LOCK requires no special tools. It speeds 
up mounting and demounting detachable panels with only a 90° turn required to 
lock and unlock it in a jiffy. 

The flexible mounting and tapered stud makes QUICK-LOCK ideal for assembling 
curved sheets and insures a tight fit when locked. Stud is self-ejecting when unlocked. 
Minimum deflection is assured—only initial loads are carried by the helical spring. 
Solid supports take up increased loads. 

Industrial and agricultural equipment manufacturers would do well to analyze the 
cost-saving features of QUICK-LOCK’s simple design. A good way would be to call in 
a Simmons Engineer and discuss the economy of a QUICK-LOCK installation as com- 
pared to your present fastening method. Why not send for him today? 


SIMMONS FASTENERS 


SIMMONS FASTENER CORPORATION © 1752 NORTH BROADWAY, ALBANY 1, N. Y. 


MAY 1954 265 


vice president in charge of research, 

McDonnell & Miller, Inc., Chicago. 
Mr. James is widely known as a 
| consulting engineer, research director, 
and for his writings on heating and 
air conditioning. He received his de- 
gree in Mechanical Engineering at ~ 
Oregon State College and a Master’s 
Degree at the University of Wisconsin, 


| MPA Holds Annual Meeting 


The Metal Powder Association held 
a National Meeting and Show at 
the Drake Hotel, Chicago, April 26- 
28. Technical sessions at their Tenth 
Annual Meeting were divided into 
a General Session and an Electronic 
| Core Session. 

The General Session was devoted to 
papers relating to various aspects of 
powder metallurgy. Papers read in- 











SLI CE clude: 
“Friction and Lubrication in Pow- 
product | der Metallurgy,” by Dr. Henry H. 






Hausner, Irving Sheinhartz, Sylvania 
Electric Products, Inc.; “Lubrication 
Practices with Metal Powder Bear- 
ings,” by H. D. Krummell, and J. R. 
Hicks, Socony-Vacuum Oil Co., Inc.; 
and “Powder Metallurgy Versus Other 
Precision Forming Methods,” by Char- 
les S. Schroeder, The Yale & Towne 
Mtg. Co. 
The Electronic Core Session con- 
sisted of a separate all-day meeting 
| devoted to subjects of interest to those 
in this specialized field. Among the 
papers read were: 

“Method of Determining Tempera- 
ture Coefficient of Electronic Core 
Materials” by R. H. Rodrian, C. K. 
Williams & Co.; “Some Electronic Ap- 
| plications of Iron Powder Cores” by 
David M. Hodgin, Collins. Radio Co.; 
and “The Application of Metal Powder 
Association Core Standards and Data 
Sheets” by Lester M. Becker, Radio 
Cores, Inc. 

Also held was a panel discussion 
on “Threaded Iron Cores: Uses and 
Applications.” 

Thirteen basic subjects were con- 
sidered at the meeting, with three 
papers being included in each group. 


damage 


SLASH 
packing 
time 





Write for free booklet, 

“How To Ship More Economically 
in Corrugated Boxes.” 

Hinde & Dauch, Sandusky 35, Ohio 
American Welding Society 
| to Meet in Buffalo 








Thirty-nine papers on various as- 
pects of welding will be read at the 
National Spring Meeting of the Amer- 
ican Welding Society, to be held at the 
Hotel Statler, Buffalo, N. Y., May 4-7. 
The spring meeting will be held in 


conjunction with the second Welding 


i 
, ? Show, held at the Memorial Audito- 


40 SALES OFFICES * 17 MILLS AND FACTORIES rium. 
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Philadelphia Office 





“Holtzer-Cabot Motors Ensure Satisfaction” 


**My thirty years’ experience in the motor business 
enables me to fully appreciate the truly outstanding ap- 
plication engineering that goes into every Holtzer-Cabot 
motor. I iat: too, that Holeser-4 ‘abot motor dependa- 
bility adds greatly to a product’s performance and repu- 
tation. 

‘Here at Holtzer-Cabot, almost every order. results 
from a sample motor which is designed to meet the 
customer’s individual specifications. After intensive test- 
ing by our own engineers, the sample motor is submitted 
to the customer for his approval. In every case, our 
customers have ample opportunity of ‘ proving out’ for 
themselves the advantages of Holtzer-Cabot speci al design. 

‘We at Holtzer-Cabot are confident of our ability to 


NATIONAL PNEUMATIC CO., | 


125 Amory St., Boston 19, Mass. 


Sales Service Representatives 
in Principal Cities throughout the World 


MAY 1954 


develop special motors that give peak performance and 
dependable service. 

‘We know that our motor specialists can solve prac- 
tically any motor problem given to them and that our 
sales repre sentatives are thoroughly qualified by training 
and experience. 

“If you have a fractional horsepower motor problem, 
as advantage of Holtzer-Cabot’s 78 years of experience 

n developing special motors and related electrical ap- 
a atus to highest quality standards. Our methods and 
facilities are vours to command. 

‘Write, wire or phone. Without obligation on your 
part, your problem will get expert — and prompt — at- 
tention. 


N C. Lif) | | / DIVISIONS 


Designers and manufacturers of mechanical, 
pneumatic, hydraulic, electric and electronic 
equipment and systems 








how CHACE THERMOSTATIC BIMETAL 


INDICATES 
IN THE 
STEWART-WARNER 

OIL GAUGE | 
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PRESSURE 


A Product of Stewart-Warner Corp. e Chicago 14, Illinois 


Stewart-Warner's Thermo Electric Oil Pressure Gauge uses two 
Chace Thermostatic Bimetal elements of hairpin form to give the ultimate 
in accuracy for engine oil pressure indication. Using a ‘Double Bimetal 
Circuit,” the oil pressure is transformed into interrupted electric currents 
at the S-W “sending” unit, (see drawing). When line (1) is energized 
and there is no oil pressure, contacts (2) are closed lightly. Resistor 
coil (3) heats bimetal (4) which bends to open contacts and break 
circuit. Bimetal then cools and the contacts close, completing a cycle of 
short duration. A trickle of current flows to the gauge, heating bimetal 
elements to move pointer to zero. 

When oil pressure increases, pressure on contacts increases and 
opening is delayed. Current thus flows for longer periods during the 
cycling, more heat is generated in the gauge bimetal elements and 
pointer is forced to higher reading. While the current fluctuates, lag 
in heating and bending of bimetal arrests vibration of pointer. Actually 
the sending unit meters out current consistent with oil pressure and the 
gauge records it. Many manufacturers throughout the world who make 
products which are actuated by bimetal response to temperature 
changes, specify Chace Thermostatic Bimetal. Chace assures large and 
small users of a reliable source of supply of bimetal to meet a wide 
variety of specifications. 

Write today for our new 36-page booklet, “Successful Appli- 


cations of Thermostatic Bimetal,’’ containing condensed bimetal 
engineering data. 


W. M. CHACE CO. 


LET eC LeTO ot V CAS 


1608 BEARD AVE., DETROIT 9, MICH. 
















Manufacturers 


Publications 





For these selected publications on ma- 
terials, components, technical data and 
engineering services write direct to the 
manufacturer on company letter head, 
mentioning ELECTRICAL MANUFACTURING 
as your source. See “Literature for the 
Asking” on page 232 for other publica- 
tions available through the Reader In- 
quiry Facility. 


TAPE WOUND CORES — Catalog 
TWC-100, “Performance-Guaranteed 
Tape Wound Cores,” describes the 
physical and magnetic constants of 
over 100 standard sizes of toroidal 
cores. It also provides data on con- 
struction features, including hydrogen 
annealing, tape winding, and _protec- 
tive boxing. Included is a table of 
basic physical constants of common 
magnetic materials as well as another 
on trade names of similar materials. 
Manufacturer's core matching service 
is described and 10 pages of curves 
are provided. 

These curves include superimposed 
typical d-c hysteresis loops and 60- 
cycle dynamic loops for Hy Mu 80, 
48 Alloy, Orthonol and Magnesil, as 
well as typical hysteresis loops, a-c 
dynamic loops and 60-cycle dynamic 
(with constant supply voltage and 
variable reset) loops for all of these 
materials. To obtain a copy, write on 
company letterhead to Magnetics Inc., 
Box 308, East Butler, Pa. 


SLIDE RULE FOR THERMOSTAT- 
IC CALCULATIONS- Slide rule com- 
puter designed as an aid for thermo- 
static calculations incorporates all nine 
standard scales including Cl recipro- 
cals. It is 10 in. long, 4 in. wide and is 
furnished in a protecting envelope. In 
addition to standard scales, the slide 
rule contains trigonometric formula 
for right triangles, sines and limits of 
value by quadrant as well as natural 
functions. 

Also included are slide rule settings 
for general equivalents, a 4-place 
logarithmic table, decimal equivalents 
to 32nds, and a long list of commonly 
used arithmetic, algebraic and geo- 
metric formulas. To obtain a slide rule, 
write on company letterhead to Me- 
chanical Industries Production Co., 
217 Ash St., Akron 2, Ohio. 


GUIDE TO TRANSISTOR LITERA- 
TURE-—Fifty-four page bibliography 
of technical articles, books and papers 
on transistors includes more than 400 
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REVERE STEREO VIEWER... 


wae 


precision //molded 


IN VOLUME PRODUCTION 


e 


MD St(@5/,\1D NO) 


SIX PLANTS 
This handsome plastic case for the Revere Stereo Viewer, produced by 
= Richardson, ‘required the molding of four intricate parts. Each part had to 
be held to close tolerances for easy assembly and good appearance. Special 
NEWNAN, GA. care was needed to prevent warpage, and also to produce a smooth lustrous 


surface. The Revere Camera Company was extremely pleased with the 


nee BR, Oe. precision and beauty of the finished job. 


Richardson specializes in plastics jobs of this type—jobs which require 
volume production of precision moldings of the highest quality. Why don’t 


satin’ lati you consult Richardson on your difficult plastics jobs? 
GDEN, , . : 


NEW BRUNSWICK, N. J. Send for Bulletin, ‘Facts About Plastics” 


| “jhe RICHARDSON COMPANY 


FOUNDED 1858 


2799-A Lake St., Melrose Park, Illinois (Chicago District) 
SALES OFFICES IN PRINCIPAL CITIES 


INDIANAPOLIS, IND. TYLER, TEX. 


MAY 1954 











OTAINLESS 
«O1UG 


All types and sizes of screws 
(slotted, Phillips, socket, hex 
head), bolts, nuts, washers, 
rivets, keys and pins 








y Over 9000 items in stock means immediate de- 
livery from one source 


New Garden City plant now operating at top 
speed and quality 


Unsurpassed facilities for quantity fabrication of 
specials 


A staff of seasoned engineers always available 
for consultation 


Pioneers in the manufacture of stainless steel 
fasteners 


WRITE NOW FOR FREE COPY OF 
FASTENER MANUAL P9 
MANUFACTURERS 


SINCE 1929 





SCREW PRODUCTS COMPANY, INC. 


you could raise your own steak... 


But it won't pay unless you're set up for cattle raising. 


It's the same way with coils. You can make them, and perhaps 
you do. But in most cases we at Coto-Coil can make them for you 
faster, better and at less cost. We have nearly 40 years of coil 
design and manufacturing experience. We know the best types of 
materials for each type of coil. We have automatic production 
equipment, the most modern testing devices. 


Find out what this cost-saving combination can do for you. 


Coto-Coil Company, 63 Pavilion Avenue, Providence 5, R. I. 
New York Office: 10 E. 43rd Street, New York 17. 
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titles. Entries have been classified un. 
der six headings: Theory, Characteris- 
tics, Circuits, Types, Applications, 
and Production and Testing. To add 
to the usefulness of the 54-page hand. 
book, a subject index is included. A 
limited number of copies are available 
on letterhead request from The Glenn 
L. Martin Co., Baltimore 3, Md. 





Book 


Reviews 





Proceedings of the National Elec- 
tronics Conference—1953. Volume 
9. Published by the National Elec- 
tronics Conference, 54 E. Randolph 
St., Chicago 1. 992 pp. $5.00. 

This volume contains all of the 

technical papers and talks presented 

at the 1953 NEC 
tains 95 technical papers covering the 


sessions. It con 
research, development, applications of 
computers, electron tubes, filters, mag 
netic amplifiers, and’ materials and 
components, Additional papers were 
concerned with servomechanisms, and 
transistors, as well as with television 
and other phases of electronics. 


Induction and Dielectric Heating, by 
]. Wesley Cable. Published by Rein- 
hold Publishing Co., 330 West 42nd 
St., New York 36, N. Y. 576 pp, 
$12.50. 

This book presents a comprehensive 

survey of the place of induction and 

dielectric heating in industry. Al- 
though most of the pages are devoted 
to applications outside the realm of 
interest of electrical design engineers, 
there are several chapters of particular 
interest. More than 30 pages are de- 
voted to brazing and about 20 pages 
to soft soldering, both of which are of 
direct concern. Both subjects are 
treated in considerable detail. Heating 
of metals either to alter their charac- 
teristics, such as by hardening or an- 
nealing, or to drive off occluded gases 
are also discussed. The advantages of 
induction heating in the selective 
hardening of metal parts, often of in- 
terest in the design of electrically 
operated equipment, is reviewed at 
length. 

The various factors involved in the 
design of coils and fixtures used in in- 
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BUILT-IN SOLA REGULATED POWER TRANSFORMER 


* 


q 
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The photograph above shows a complete Type No. 5 
three channel Transmitted Carrier Telephone Ter- 
minal made by Kellogg (an Associate of International 
Telephone and Telegraph Corp.) The Sola Constant 
Voltage Transformer is a standard component of 
the power supply chassis at the top of the rack. 


Assures Positive Signalling 


and Protects Components 


ON KELLOGG NO. 5 TRANSMITTED 
CARRIER TELEPHONE SYSTEM 


Low voltages cause disconnects and false signalling on telephone 
carrier systems. Abnormally high voltages can result in damage 


to components and premature filament failure of electronic tubes, 


The Kellogg Switchboard and Supply Company provides depend- 
able performance, positive signalling and satisfactory transmis- 
sion by building in a Sola Constant Voltage Transformer as an 
integral component of their system's power supply. The custom 
Sola unit they employed automatically maintains voltage con- 


stant within + 3% with line voltage variations from 95 to 125 volts, 


Like Kellogg Switchboard, you can assure reliable performance 
of your electronic equipment. Make sure of the proper input 
voltage with a Sola Constant Voltage Transformer. Any reason- 
able combination of plate and filament voltages can be provided 


to meet your specifications. 


Sola stabilizers are static magnetic regulators ... regulation is 


continuous and automatic... response time is 1.5 cycles or less. 


There are no moving parts, no tubes, no manual adjustments. 
The cost is reasonable. Regulation within +1% with line voltage 
fluctuations as great as 30% can be provided. Your inquiry will 
receive prompt attention. 


BUILD-IN AUTOMATIC VOLTAGE STABILIZATION WITH COMPLETE 


CATALOG 


S O L A Constant Vor we for 
: r\\ TRANSFORMERS evaee 
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story of AMF’s unique Automatic 
Pinspotter and the 99 

Doehler-Jarvis die castings that 
make it economically practical. 


Crac...ck! Your pins fly... all but four! 


Woosh! The pinspotter goes into action, the 
instant your ball hits the pit... to lift the four 
standing pins, sweep deadwood into the pit, re- 
turn the ball to you, and re-set the four standees 
exactly where your first ball left them. 


Crac ...ck! Your second ball hits to give you 
your 10th frame spare, extra ball, and then the 
game. As the pinspotter spots a new set of pins, 
you take time out for refreshment ... and a look 
behind the scenes at the marvelous machine 
that automates bowling. 

This unique pinspotter practically thinks for 
itself, adjusts to all the variables of the game and 
bowler. It is simple, as fast as the bowler, precise, 
and unbelievably reliable. 
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to mount distributor head (above). 


automate bowling... 


It could be prohibitively expensive ... A produc- 
tion man’s nightmare. 


But American Machine & Foundry Company 
found ways to keep costs down. Right at the start 
they brought Doehler-Jarvis into the picture. 


Together, engineers from both companies went 
over the prototype piece-by-piece, operation-by- 
operation... looking for the best ways to keep ma- 
chining and weight down, precision and durability up. 

The result of these meetings of minds? Doehler- 
Jarvis is die-casting 99 parts for the pinspotter. At 
AMF’s plant, a hole may be tapped or a light finish 
cut made... but the bulk of the machining and a 
good deal of expense is avoided. As one AMF engi- 
neer puts it, “anytime you can eliminate machining 
today, you're certainly saving money.” 

Cutting costs for customers, big and little, is a 
Doehler-Jarvis specialty. Some of the best-known 
makers of automotive, electrical, communication, 
household, and office equipment count on Doehler- 
Jarvis to help them take full advantage of the die 
casting process. 

You can count on Doehler-Jarvis, too...to apply 
to your problem the savvy in die design and parts 
production developed in our 50 years in this busi- 
ness. Call us in early in the planning stage. 
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“Pinwheel” lifts pins from pit to distributor 
which delivers them into die cast spotting cups 
(left). Other Doehler-Jarvis castings are used to 
guide rods that clamp pins to “pinwheel” and 









Standing pins moved off spot by first 
ball, must be held above pin deck for re- 
turn to same position for second ball 
while deadwood is swept away. How the 
pinspotter accomplishes this is shown 
below. 





Sponge rubber pad, supported in a 
Doehler-Jarvis die casting, locates the 
“off-spot” pin, grasps it, lifts it, and puts 
it down exactly where it was before, thus 
conforming with one of the game’s most 
rigid rules. 





Doehler-Jarvis 
Division 
of 
National Lead Company [£ 


General Offices: Toledo 1, Ohio 






*Reg. U.S. Pat. OF. 
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CRAMER PERCENTAGE TIMERS CONTROL OVEN 
TEMPERATURES FOR EXACTING FINISHES 


Cramer Percentage Timers shown above 
take the guess work out of finishing in 
the especially designed furnaces at the 
Industrial Finishing Company, Hartford, 
Connecticut. 


“These Cramer timers give us the 

flexibility and dependability necessary 

to maintain uniform heat at exacting 

temperatures, without variation or 

interruption, required for today’s 

attractive and durable paint finishes’ 
. says Mr. Fred Hillier, President. 
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TIMING 
as 


1CRS4 


SPECIALISTS 


BOX 8, CENTERBROOK, 


These Cramer Percentage Timers auto- 
matically control “‘on time” for the 
infra-red strip heaters in the entry and 
exit ends of the furnace. By pulsating 
the heaters on a definite time cycle, 
the exacting temperature control 
desired is automatically achieved. 


Cramer fully adjustable Percentage 
Timers are available for panel, surface, 
or portable mounting in a number of 
standard NEMA enclosures, with time 
ranges from 15 seconds to 24 hours. 


If you have a problem where time is a factor 
in control or operation, the R. W. Cramer 
Company can help you. Write for complete 
information. 


The easily adjustable PE Timer, at left, repeats 


its cycle continuously with accuracy within 1%. 


IN TIME CONTROL 


the R. W. CRAMER CO., INC. 


CONNECTICUT 








duction and dielectric heating are dis- 
cussed. The design of machinery in 
which induction and dielectric heating 
equipment are used as tools for the 
performance of operations, the same 
as any other type of tools, is also an 
important part of the subject matter. 
Interference with radio and television 
services, and the interest of the Fed- 
eral Communications Commission, are 
also reviewed. It is said that inter- 
ference problems are not as serious as 
had once been feared, and that they 
need not be a limitation on the use of 
induction and dielectric heating. 


Introduction to Electric Fields }\ 
Walter E. Rogers. Published by 
McGraw-Hill Book Co., Inc.. 33¢ 
W. 42nd St., N. Y. 36, N. Y. : 
pp, $7.50. 


oo Go 
w wy 


> 
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The book is intended to present Max- 
wells equations as a logical summary 
of some analytical experience in solv- 
ing the problems of electric and mag- 
netic fields by vector methods. It also 
provides an introduction to potential 
theory and boundary-value problems 
at a level substantial enough to form 
a foundation for the 
vector potential. 

The treatment is directed to the 
college student or to the electrical 
engineer in industry who wishes to 
familiarize himself with the vector 
analysis of electric fields. Basic con- 
cepts are treated in considerable de- 
tail and are accompanied by physical 
interpretations in terms of the aver- 
age readers previous experience. The 
book is clearly written, well organized 
and consistent as regards symbols and 
notations. New concepts are intro- 
duced gradually. Moore’s recently de- 
veloped fluid-mapping methods are 
used extensively as illustrations and to 
aid visualization. A new method of 
portraying potential contours on mem- 
brane analog is used in the same way. 
Although limited to the simpler con- 
cepts, the treatment of vector poten- 
tial contains a number of three-dimen- 
sional figures and aids to visualiza- 
tion usually not found in introductory 
books. 


concept of 


Introductory Circuit Theory, by Ernst 
A. Guillemin. Published by John 
Wiley & Sons, Inc., 440 Fourth 
Ave., New York 16, N. Y. 550 pp. 
$8.50. 


This book presents an introductory 
treatment of all the basic principles 
and concepts needed for complete 
understanding of advanced work in 
network analysis and synthesis. De- 
signed to meet the needs of flexibility 
set by recent advances in industrial 
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Plain and lock types. 






fasten it and forget it... 


Hoult Another 


Product 


INDUSTRIAL ttt Tt i 





Tight, vibration-proof fastenings—for the life of your product. 


New AMF Everlock pre-assembled screws and lock- 


washers give you both. 


. . fast, one-operation application 


and vibration-proof tightness. Everlock washers, with the 
exclusive alternating chisel edges, actually bite into the surface 
of both screw and part. Even under the most punishing 


vibration, Everlock fasteners stay secure 


Everlock locknuts spin down finger-free. After contact 

with work only 14 turn gives a sure, permanent 

6-way lock. Combine unequalled speed of application 
with true vibration-proof performance. 


On your next order for fasteners, specify AMF 
Everlock—and fasten it and forget it. Sizes, types and 
materials to meet any specifications. 
\ 





—for good! 





LOCKNUTS 


Both National fine and 


National coarse threads. 


THOMPSON-BREMER & COMPANY 


520 North Dearborn Street ¢ Chicago 10, 
SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY CO., NEW YORK 


MAY 1954 


New time-saving AMF Everlock 
pre-assembled screws and 
lockwashers. In types, sizes and 
materials to meet your needs. 


LOCKWASHERS 


Internal, external and 
special types. 


Illinois 


‘“EVERLOCK’’ IS A REGISTERED TRADEMARK 
OF THOMPSON-BREMER & COMPANY 






Write for information or 
contact your nearest AMF 
Take Mee et eae 


Kenneth D. DeLanoy 
Dayton 3, Ohio 
Oscar P. Martin 
Lakewood 7, Ohio 
Bee foliit to act 0 oem ae 
New York 7, New York 
Be Werte lg ohh 
Manchester, Connecticut 
Russell T. eigen 
Philadelphia 3, Po 
Sam T. Keller 
Orsi coli ame OMAN tie (oa) 
W.L. Barth, Jr. 
Chicago 34, Hlinois 


Cc. W. McNeil 
Houston, Texas 
Leonard F. Berg 

St. Paul 14, Minnesota 


Thom Lundeen 
Moline, Illinois 


Forrest Moschner 

St. Louis, Missouri 

A. J. Murphy 

DeWitt, New York 
Richard C. Dudek 
TT a am allie ol hol ait Te) 


P. L. Robertson 

Milton, Ontorio, Canada 
Sam T..Gleaves 

Rol aii mee Pe Cab tl O17 


Bee Peed atresia 
Atlanta 6, Georgia 


Due meMmr ttt ie 
Indianapolis 44, Ind. 


Oregon Indus. Factors 
Portland 1, Oregon 
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and technological activities, it pro- 


vides valuable information for all de- 
ad R ae OD signers working in fields in which 
electric circuits play a part. 
tT longer The author begins with first prin- 
motor life ciples, then provides a coherent ex- 
position of the methods of steady- 
state and transient circuit analysis. 
-Also given are the basic concepts 
essential to synthesis procedures 
| which may be required in more ad- 
vanced work. The book contains the 
concepts, graphical interpretations 
and computational aids that are es- 
sential to modern advanced research 
in network theory. Rather than cover- 
ing merely a simplified version for 
beginners, the book deals with the 
real tools of the field. These methods il 
will never be discarded or supplanted | he 
but will be understood better as time “a 
goes on and more dexterity is ac- 
quired in their use. 

Major chapters are devoted to net- 
work geometry and network vari- 
ables; equilibrium equations; meth- 
ods of solution; circuit elements and 
source functions; impulse and _step- | 
function response of simple circuits; | 
behavior of simple circuits in the 
sinusoidal steady state; and general- | 
ization of circuit equations and en- | 
ergy relations. 











NVERTERS 


3 * i 
a’ for changing your stor- 
age battery current to 


» 
\ \ AC. Moausehold 


ELECTRICITY 


Anywhere 


--. in your 

Te eanEeneeeee 
own car! 
ae mecemeeemene a 


Kirkwood steel core and mold- 
mounted 


out of sight 
under dash 


they are precision made to M ~ Tae aL 
withstand extreme variations en _ compartment! 


in heat, speed and vibration. 


ed core commutators make 





motors last longer because 


in Industry 


Motor production is speeded 





up because Kirkwood commu- 

tators, ranging from 9/32" to New manager of research and ad- 
vanced development for appliances for 
the Appliance and Electronics Div.., | 
tee | Aveo Manufacturing Corp., Cincin- 
| nati, is Russell S. Townsend. Formerly, | 
Mr. Townsend was associated with 
the Admiral Corp., where he was as- 
sistant to the director of appliance | 


36’ dia., are machined to fit 


Kirkwood engineers will glad- 


ly work with you in designing 















new commutators for special engineering; previous to that he served | especially designed for operating 
applications. Send us your as a development engineer at Servel, | ius C.... 
SMA ELAS CUES a © TAPE RECORDERS @ DICTATING MACHINES 
Write for New No. 3 Catalog Roger Barrett Bross, formerly man- @ WIRE RECORDERS © ELECTRIC RAZORS 
| ager of the Electromagnetic Engineer- for 
| ing Section of the Instrumentation . cams . ooh 
Laboratory, Massachusetts Institute | Yi pen aciaiieicn Ee FIELD INSPECTORS 
be ad of Technology, is now devoting his © POLICEMEN e DOCTORS 
full time to engineering design and e e 


: FIREMEN LAWYERS, ETC. 
a4 by KW 8 ft it consultation. Mail address is P. O. Box See your jobber or write factory 


157, Natick, Mass. 
COMMUTATOR CO. ~/ NEW MODELS ~+/NEW DESIGNS ~+/NEW LITERATURE 


Dr. Ralph J. Sl “A” Battery Eliminators, DC-AC Inverters, Auto Radio Vibrators 
r. Ralph j. Stutz has been ap- 
pointed assistant chief of the Central AMERICAN TELEVISION & Ravio Co. 


Radio Propagation Laboratory of the Zuality Products Since 1931 
National Bureau of Standards. For- SAINT PAUL 1, MINNESOTA, U.S. A. 


OVER 10.000,000 NOW IN USE 
CLEVELAND, OHIO 
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Want more per hour... 
or more accuracy... or less cost? 


However you want your coil winding improved .. . there’s 
likely to be a Universal Coil Winder that will do the job. 


Higher-production machines. More versatile machines. 


machines are for operators, observe how accurately the coils 
are wound. 


Write us to set up a date for a visit. Address UNIVERSAL 


Machines that will give you greater accuracy. WINDING COMPANY, P.O. Box 1605, Providence 1, R. L., 


See for yourself by visiting the Universal Demonstration 
Room nearest you — in Cranston, R. I. or Chicago, Ill. Watch 


how coils are turned out at top speed, see how convenient the 


or 9 South Clinton St., Chicago, Il. 


And use the coupon to obtain information on latest de- 
velopments in coil winding. 


ee 


UNIVERSAL WINDING COMPANY 







4 


Please send me 


[ | Condensed Catalog of Universal Winders 


{| Information on Universal Winders for coil types that meet my particular needs. I enclose 
specifications and production requirements. 


FOR WINDING COILS 


IN QUANTITY ... ACCURATELY DG ne patlce ars Seal alae de kee de ements eae wee ewe WGhswudve vatenaves eccce 
...AUTOMATICALLY...USE RI atta aia eidiaa a. a: 0:s a Al nbsathinjen/aiadinlak adarewasalyaieacdrh ewe «anatase a Gene ana onewe 
UNIVERSAL WINDING MACHINES nave sherecesagodeshanseceaewe aed eb Ua alesse EON 6» SMB eecccisexesaces eee 
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HERE’S THE HELP YOU NEED 


4 VMS 


Laat 


VOLTAGE STABILIZERS 


| application data, operating 
characteristics, graphs and 
|| detailed specifications you 
need to specify a voltage 

| stabilizer for any electrical or 
electronic product. Raytheon 
Voltage Stabilizers are available 
| in a wide range of catalog 
types or custom engineered 

to suit special needs. 



























CUSTOM BUILT TRANSFORMERS 


| Here’s the help you need in 

| visualizing special transformers. 
| Information includes complete 
details on Raytheon’s 

| exceptional facilities for the 

y| design and production of 

| transformers and magnetic 
components to meet the most 

| rigid requirements. 


Send for them today 















RAYTHEON 


MANUFACTURING COMPANY 


EQUIPMENT SALES DIVISION 


DEPT. 6270-EM WALTHAM 54, MASSACHUSETTS 
DISTRICT OFFICES: BOSTON, NEW YORK, CLEVELAND, CHICAGO, NEW 
ORLEANS, LOS ANGELES (WILMINGTON), SAN FRANCISCO, SEATTLE 
INTERNATIONAL DIVISION: 19 RECTOR ST., NEW YORK CITY 


RAYTHEON PRODUCTS INCLUDE: WELDPOWER?®* welders; 
Voltage stabilizers (regulators); Transformers; Sonic oscil- 
lators for laboratory research; Standard control knobs; 
Electronic calculators and computers; Radio, television, sub- 
miniature and special purpose tubes and other electronic 
equipment. *Reg. U.S. Pat. Off. 


ee le La Liter 


DEPENDABILITY 
INTO YOUR 
PRODUCTS 












merly a consultant to NBS in the fields 
of electronic computers and mathe- 
matics, Dr. Slutz is known for his 
role in the design and construction of 
SEAC, one of the Bureau’s electronic 
digital computers. In his new position, 
he will assist in the direction of the 
research program of the Central Radiv 
Propagation Laboratory. 

From 1949 to 1953 Dr. Slutz was 
assistant chief of the NBS electronic 
computers Laboratory. He has also 
served as a design engineer at the In- 
stitute for Advanced Study, doing re- 
search on input-output mechanisms 
and high-speed electronic digital 
arithmetic circuits. 


Promotions recently given at Kel- 
vinator Div., Nash-Kelvinator Corp., 
Detroit, include those of Dr. Lawrence 
A. Philipp and Dr. William Mikulas. 





LAWRENCE A. PHILIPP 


Dr. Philipp, vice president in charg: 
of Kelvinator engineering, becomes 
vice president of appliance engineer- 
ing and research. Dr. Mikulas has 
been appointed chief engineer. As 
head of the Kelvinator Engineering 
Dept., he will be responsible for all 
current product engineering and all 
immediate product development en- 
gineering. 

Dr. Philipp will head long-range 
product development and research. In 
addition he will act as consultant on 
appliance engineering for Nash-Kel- 
vinator, including all divisions and 
subsidiaries, here and abroad. 


Thirty-year-old Irwin S. Lerner has 
been promoted to supervisor of the 
computer systems section in the elec- 
trical engineering department, Armour 
Research Foundation of Illinois Insti- 
tute of Technology, Chicago. Mr. 
Lerner formerly held the post of elec- 
trical engineer in the department, with 
which he has been associated since 
1951. A graduate of Oklahoma A & M 
College, Mr. Lerner received his 
bachelor’s degree in electrical engi 
neering in 1948. In his new post he 
will be concerned with the design, de- 
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Says SHALLCROSS MANUFACTURING COMPANY, 
Collingdale, Pa.: “For 25 years we have been using 
Driver-Harris Manganin wire in the construction of 
Wheatstone and other precision bridges. In addition, 
D-H Manganin alloy has been used in many special 
standards for research and development laboratories. 
We feel that the quality of our products and the reputa- 
tion of our instruments have been greatly enhanced 
by its use.” 

Behind statements like these stand Driver-Harris pro- 
duction and drawing techniques, which provide Man- 
ganin of such fixed stability that maximum change in 
resistance between 15°C and 35°C is only about 15 
parts per million per degree centigrade—and fre- 





eT aS aU dehy 


BRIDGE. This Shaticross 
Mode! 6320 Wheatstone 
Limit Bridge can be used 
both for exact resistance 
readings and, in production, 
eel aeeel tM tala Sl eel 
deviation from an accepted 
standard. Overall range: 
extends from 0.1 ohms to 
PR PORlone ee ml tee aL 
resistors are D-H Manganin. 





quently Jess than one-third this amount. Equally good 
electrical characteristics are available for ammeter 
shunt stock operating between 40°C and 60°C. 

The experience of Shallcross reflects the experience of 
a host of manufacturers throughout the country; reflects 
what you can expect from Driver-Harris products, 
whether Manganin or any of the numerous alloys devel- 
oped by Driver-Harris for application in the electrical 
and electronic fields. 

Whatever your alloy problem, therefore, let us have your 
specifications. We'll gladly put at your disposal the 
skills acquired from 50 years of alloy manufacturing 


experience ... make recommendations based on your 


specific needs. *T. M. Reg. U. S. Pat. Off. 


Sole producers of world-famous Nichrome* 


Driver-Harris Company | 


HARRISON, 
BRANCHES: Chicago, 
In Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario. 


NEW JERSEY 


Detroit, Cleveland, Los Angeles, San Francisco 
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COCCCOCC CELE COCO OC OCOCOOOOC® 
There's one for your application 


SEALED MERCURY CONTACTS , 


* MERCOID 


TILTING TYPES 


SP-ST. 10A. 115V., 5A.-230V. 
SP-ST. 25A.-115V., 12%4A.-230V. 








SP-ST. 4A.-115V., 2A.-230V. 


@ 3 


SP-ST. 1A.-115V., 4%A.-230V. 





NEW YORK, 205 E. 42nd ST. 





3 Wire SP-DT. 4A.-115V., 2A.-230V. 





Double Circuit, ST, 4A.-115V., 2A.-230V. 


THE MERCOID CORPORATION, 4201 BELMONT AVE., CHICAGO 41, ILL. 


FROM 0.9 AMP. TO 25 AMPS. » 


MAGNET OPERATED TYPES 





Available normal position “Open” 
or “Closed” 1A.-115V., 0.5A.-230V., 
or 0.9A. at 24 volts or less. 


Available normal position “Open’’ 
or “‘Closed’’ 5A.-115V., 2.5A.-230V. 





ONLY MERCOID OFFERS 
@ VISIBILITY OF CONTACT ELEMENTS 


It can be instantly noted whether circuit is 
on or off. 


@ UNAFFECTED BY DUST, DIRT OR CORROSION 
Not subject to oxidation, open arcing, 
pitting or sticking. 

@ LONG LIFE 
Capable of indefinite operation—can provide 
a million “makes” and “breaks” without dete- 
rioration—no maintenance required. 

OUR ENGINEERING DEPARTMENT IS AT YOUR SERVICE 
WRITE FOR BULLETIN NO. 46 















PHILADELPHIA, 3137 N. BROAD ST, 


MAKE YOUR COIL WINDING 


TN Ee ee 


ee 
®@ No sharp outside edges 
to cut wire 


® Has full rigidity and 
physical strength 

© Permits winding coils 
to closer tolerances 

© No need for wedges to 
tighten wire 


© Allows faster stacking 
of wound coils 


4 


SPIRAL WOUND 
““ NOT DIE FORMED 


ANY SIZE—SQUARE OR RECTANGULAR 


Entirely new technique in tube making developed 
and perfected by PARAMOUNT now for the first 
time solves many coil winding problems, yet costs 
you no more! Hi-Dielectric. Hi-Strength. Kraft, 
Fish Paper, Acetate, Red Rope or any combination 
wound on automatic machines. Produced from 
stock arbors or special sizes engineered for you. 
Write on Company letterhead for Stock Arbor List of over 2000 sizes 


PARAMOUNT PAPER TUBE CORP. 


612 LAFAYETTE 


STREET, FORT WAYNE 2, INDIANA 


Manufacturers of Paper Tubing for the Electrical Industry Since 1931 


280 





ELECTRICAL 





velopment and construction of special- 
and general-purpose digital and ana- 
log computer equipment. 


Engineering manager of Westing- 
house’s new Air Conditioning Division 
is John L. Ditzler. Mr. Ditzler joined 
Westinghouse in 1933, serving as a 
design engineer from 1935 until 1943, 
when he was named a section engi- 
neer. In 1945 he was made engineer- 
ing manager for the Sturtevant Divi- 
sion’s air conditioning engineering 
department. 

The air conditioning department of 
the Division was recently set apart as 
a separate division of the company, 
and will establish its headquarters at 
a new air conditioning plant now un- 
der construction at Staunton, Va. 
Headquarters will remain at Hyde 
Park until the Staunton plant is com- 
pleted later this year. 


As its new chief engineer, Buchan- 
an Electrical Products Corp., Hill- 
side, N. J., has selected George Ustin. 





GEORGE USTIN 


Mr. Ustin will spearhead an acceler- 
ated product development program 
aimed at expansion of the Buchanan 
product lines, which now include con- 
nectors for electrical wire splicing and 
terminating, insulated conduit bush- 
ings, heavy-duty molded terminal 
blocks, and other specialized electrical 
fittings. 


William E. Braham has been ap- 
pointed vice president in charge of 
engineering at Zenith Aircraft, Divi- 
sion of the Zenith Plastics Co., Gar- 
dena, Calif. 

The Waterbury Farrel Foundry & 
Machine Co., Waterbury, Conn., pro- 
ducers of metalworking equipment, 
has appointed George Beckman man- 
ager and chief engineer of their Roll- 
ing Mill and Mill Machinery Division. 
Mr. Beckman has been associated 
with the company since 1930, serving 
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General ote Feodtucts 


that solve your Design Problems 


TRUFLEX THERMOSTAT METALS 


TRUFLEX thermostat metals are manu- 
factured.in a wide variety of types, each 
with a different reaction to temperature. 
Uniformity of metal insures accurate and 
consistent performance. Precision parts 
fabricated to exact specifications. 


COMPOSITE CONTACT MATERIAL 


Precious metals and alloys bonded to 
base metals available in following types 
— overlay, single and double edgelay, 
single and double inlay, Top-Lay, ready 
for you to fabricate into contacts. 


aA 


"2. 


COMPOSITE METALS 


Available in practically any combination 
of govtions to precious, precious to base 
or base to base metals. Combinations for 
electronics include aluminum-clad iron, 
nickel-clad iron for anode materials. 


COMPOSITE CONTACTS 
General Plate can supply all types of 
fabricated composite contacts, buttons, 
rivets, contact assemblies made to cus- 
tomer’s specifications. These contacts 
give electrical conductivity and long life 


ALCUPLATE 


Copper-clad aluminum for component 
Cases or cans, chassis, cooling fins, etc., 
light weight, excellent conductivity. Cop- 


Per surface is ideal for soft soldering and 
electroplating. 





WAVE GUIDE and COLLECTOR RINGS 
RECTANGULAR WAVE GUIDES. Solid 


silver, silver lined brass or aluminum. 
Sizes to government specifications. 


at reduced costs. 


GENERAL PLATE PRODUCTS 


1s — Sheet, 
Alumi- e Platinum-Group Metals 
e Alfer, Alnifer, 


¢ parts of 4 
Nifer wire, tubing, ssay and re- 
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z ate Fay carbide-tipPpe 
tools. 
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- 
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clad copper for high condu 
tive springs. 


and Contact 
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from solid pre 


i at 
mal conductive springs 


precious-cla base metals. low cost. 
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Sizes ranging from fracuo. 


a “ -Hardening 
an inch to few feet in diam e #720 Manganese = 


Alloy ( orrosion resistant 
te 


: dia- 
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spring mate ings, finger 
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e Trufiex® Thermostet lJements pues tc. 
Sheet, strip, formec § stock, € 
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COLLECTOR RINGS. Solid silver or 
precious metal on base metal. All sizes. 


General Plate Composite Metals, made by metallur- 
gically bonding one metal to another, are available in 
sheet, strip, tubing or wire in various widths, thick- 
nesses and diameters. 

Silver, gold and platinum-group metals bonded on 
base metals give solid precious metal performance at a 
fraction of the cost of solid precious metal. The pre- 
cious metal provides specific performance requirements 
such as electrical conductivity and corrosion resistance 
while the base metal provides workability, strength, 
and solderability. 

Composite base metals provide a new group of engi- 
neering metals with properties not available in solid 
metals. Their use frequently results in lower material 
costs as compared to solid metals. 

In many applications further economy results when 
General Plate supplies fabricated parts ready for as- 
sembly into your product. General Plate makes an 
infinite variety of fabricated parts, such as electrical 
contacts, collector rings and TRUFLEX thermostat 

metal parts to customer’s exact specifications. 


General Plate Engineers will gladly help you with 
your problems. 


You can profit by using 


General Plate Composite Metals! 





METALS & CONTROLS CORPORATION 


GENERAL PLATE DIVISION 
45 FOREST STREET, ATTLEBORO, MASSACHUSETTS 
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"My brushes are giving me 
trouble, doc—how about 
giving me the Stackpole 
treatment?” 





Neen <2, 


Small Motor 


~ Brush Clinic 


...f0r longer life, 
greater efficiency 


No doubt, you're getting pretty good brush life and per- 
formance on small motor applications these days. But, chances 
are still mighty good that they can be materially improved—at no 
premium cost. 

Recently, for instance, Stackpole brush developments 
brought about worthwhile improvement on such widely 
diverse equipment as toy trains, a coal drill, a d-c gas pump 
motor and an ac-dc inverter. 

These jobs were handled the way Stackpole likes to handle 
them: by getting the actual motorized equipment into our labora- 
tories for “clinical” test. Here, Stackpole engineers combine 
the greatest wealth of small motor brush “know how” in the 
business with carefully planned experimentation. They recog- 
nize that each brush application differs from others in essential 
respects. These peculiarities are taken into full 
account in developing grades exactly suited for the 
equipment in question. And, more often than not, 
they come up with a brush recommendation that is 
an improvement over what has been used in the past. 

























NOTE: Stackpole brushes are sold only to 
manufacturers of original equipment. 


Write on company stationery for the 
44-page Stackpole BRUSH USERS’ GUIDE. 


first as an engineer in the Press De- 
partment where he worked on the 
design and development of machin- 
ery. 


R. T. Cox has been appointed vice 
president in charge of research and 
development at Collins Radio Co.., 
Cedar Rapids, Iowa. 


Allen L. Burton has joined Veeder- 
Root, Inc., manufacturers of counters 
and computing devices, to carry on 
electronic development and other ac- 
tivities. Mr. Burton comes to Veeder- 
Root from the Radio Corporation of 
America. Previously he had been as- 
sociated with the American Optical 
Co. and Tracerlab, Inc. 

An electronics engineer, Mr. Burton 
received his master’s degree in physics 
from the University of Buffalo, and 
during World War II was associated 
with the Underwater Sound Labora- 
tories at Harvard University, where 
he worked on the development of 
underwater weapons. 


At Amana Refrigeration, Inc.., 
Amana, Iowa, Robert E. Moore has 
been appointed director of engineer- 
ing. In this capacity, Mr. Moore will 
direct the design of freezers and room 
air conditioners. 





ROBERT E. MOORE 


Formerly, Mr. Moore was chief 
freezer cabinet engineer. He has been 
with the company for four years and 
has also served in various engineering 
capacities at General Electric, Glenn 
L. Martin Co., and North American 
Aviation, Inc. Mr. Moore who re- 
ceived his electrical engineering de- 
gree at the University of New Mex- 
ico, holds 20 patents in the fields of 
refrigeration and electronics and _ is 
co-author of the book, “Materials and 
Processes in the Electrical Industry.” 


New manager of the development 
engineering department at the Com- 
munication Products Division, Allen 
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B. Du Mont Laboratories, Inc., Clif- 
ton, N. J., is Harold W. McCrae. In 
his new post Mr. McCrae will have 
direct responsibilities for the engineer- 
ing development of all of the elec- 
tronic communication products made 
by the division. A graduate of the 
Detroit Institute of Technology, Mr. 
McCrae joined DuMont in 1951 and 
has been the project head in charge 
of the company’s bright-screen radar 
program. 

Another promotion announced by 
the Communications Products Divi- 
sion, is that of Leonard A. Bayer, who 
has been appointed to the new posi- 
tion of manager of the product engi- 
neering department. Mr. Bayer will 
coordinate the translation of product 
designs into equipment ready for mass 
production. 


John Day, recently appointed chief 
television engineer for Kalbfell Labo- 
ratories, San Diego, Calif., has now 
assumed the responsibilities for the 
development and engineering of that 
company’s new television camera sys- 
tems and associated equipment. Mr. 
Day is a graduate of the California In- 
stitute of Technology and has been 
employed at the Naval Research 
Laboratory, Washington, where he 
was engaged in the design of radar 
equipment. 


At Star-Kimble, Motor Div. of 
Miehle Printing Press and Mfg. Co., 
Bloomfield, N. J. Lee H. Wurster, has 
been appointed manager of engineer- 
ing, as well as chief engineer. Mr. 
Wurster has been associated for the 
past 15 years with Curtiss-Wright 
Corp., most recently as chief propeller 
design engineer. In this post he was 
responsible for all engineering on pro- 
duction model propellers and on elec- 
tronic controls used in propeller sys- 
tems. 


George A. Brettell has been named 
chief loudspeaker engineer at the 
Ampex Loud Speaker Corp., North 
Hollywood, Calif. This company is a 
wholly owned subsidiary of Ampex 
Corp., Redwood City, Calif., and 
manufactures speakers for the the- 
atre sound systems produced by the 
parent company. Mr. Brettell took 
part in the engineering projects at 
Ampex Corp. which resulted in that 
firm’s line of stereophonic sound sys- 
tems for theatres. 


At the Richardson Scale Co., Clif- 
ton, N. J., manufacturer of weighing 
and materials handling equipment, 
John K. Rudd has been appointed 
chief applications engineer. Mr. Rudd, 
a specialist in high-speed automatic 
weighing, is presently the company’s 
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Chosen to drive 
rotating transparency discs | 
in Gray Telojectors 


™, 


- 


Used for television commercials, news flashes, photos, and other 
announcements, the Telojector shows transparencies in unin- 
terrupted sequence and can be controlled either remotely from 
the program director’s booth or locally. 

Produced by Gray Research and Development Company, 
Manchester, Conn., the Telojector features two turrets that take 
up to 12 slides at one loading and additional loaded turrets can 
be substituted in seconds. 

The rotating discs holding 2”x 2” transparencies are driven 
by the Barcol type FYAZ motor shown above. A gg built 
gear train assures long motor life and dependable operation. 
Noise is held to a minimum by using a textolite gear in the first 
step of each reduction. ; 

Here’s another example of how Barber-Colman engineers can 
help solve a design problem with the exact motor for the job. 
Consult them on your next project. 


FREE DATA SHEETS ON WIDE LINE OF SMALL MOTORS 





The Barcol line includes unidirectional, synchronous, and reversible motors 
—vup to 1/30 hp. With and without reduction gearing—open or enclosed 
types. Expert engineering service available. Write today, tell us your prob- 
lem, ask for free data sheets. 





BARBER-COLMAN COMPANY, DEPT. £,1203 ROCK STREET, ROCKFORD, ILLINOIS 
Small Motors ® Aircraft 


Molded 
Textile Machinery 


Automatic Controls ° Industrial Instruments °® 
Air Distribution Products ® 


Metal Cutting Tools *® 


Controls © Overdoors and Operators ° 


Products ® Machine Tools ® 
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Withstands More Than 25,000,000 
Actuations by Mechanical Tests! 


For the finest in automation use Loxswitch 
Heavy Duty Limit Switch, the first major im- 
provement in limit switch design in 15 years! 
On accelerated mechanical breakdown tests with 
20° overtravel operating 182 times a minute, 
Loxswitch outlasts all other heavy duty limit 
switches on the market today more than 5 to 1. 

Ihe lighter operating pressure, plus a balanced 
(SWITCH rotor, graphite bronze bearing, second “out- 
—————— board” shaft bearing and only four rotating 
parts (as contrasted with up to 9 on other 
switches) assure the user long, trouble-free 
service. 


























Pt ee peels) 
PART NO. L10¢ al 

600 VOLTS MAX 
Loxswitch also incorporates a new trigger-type 
mechanism which provides a break one-third 
faster and with 2% times the contact pressure 
of any other heavy duty limit switch, with a 
repetitive accuracy within .03°. 
Save money on replacements and downtime. 
Change to Loxswitch, quickly adapted to most 
existing installations and made to JIC stand 
ards. Available also as a double-throw, neutral 
position and a double-pole, single-throw switch. 
Wide choice of levers. Prompt delivery on all 
models. Wire, write or phone today. 


ONLY FOUR ROTATING PARTS! 


R. B. DENISON MFG. CO. 
102 St. Clair, N. W., Cleveland 13, Ohio 


Gentlemen: 


Please send me your catalog and price list on Loxswitch 
limit switches. 





























Catalog On 
Money-Saving ihoneeon 


COXSWITCH | pies 


LIMIT SWITCHES City State 
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chief research engineer, a position he 
has held for the past two and one-half 
years. In addition to his new duties, 
he will continue to supervise research 
activities at Richardson. 


Servo Corporation of America, New 
Hyde Park, N. Y., electronics firm, has 
promoted J. H. Lasley to the position 
of Technical Administrator. In_ this 
new position, Mr. Lasley will direct 
engineering planning, contract admin- 
istration, and other activities. This 
step is part of Servo’s plan to step up 
engineering activities. 


Decker Aviation Corp., Philadel- 
phia, has appointed Theodore Kaslow 
as its director of research and develop- 
ment. Mr. Kaslow’s appointment is in 
line with Decker’s expansion of ac- 
tivities into the research and manu- 
facture of instruments based on a 
new transducer element, which is still 
classified. Initial efforts will be = di- 
rected toward simplifying aircraft in- 
strument design, as well as introduc- 
ing new instruments for specialized 
problems. 


Norman K. Anderson has been 
named general sales manager of the 
Warner Electric Brake & Clutch Co., 
Beloit, Wis. Mr. Anderson who has 
been manager of the company’s in 
dustrial division, joined Warner’ in 
1946. Prior to that, he was associated 
with the DeVilbiss Corp. and the 
Fairbanks, Morse & Co. 


Edward C. Lloyd has been ap- 
pointed Chief of the Mechanical In- 
struments Section of the National 
Bureau of Standards. Mr. Lloyd has 
been acting as assistant chief of the 
office of Basic Instrumentation at 
NBS, A graduate of the University of 
California with a B.S. in engineering, 
Mr. Lloyd came to NBS from. the 
Navy Department, Bureau of Ships, 
where he had served for two years 
as Principal Marine Engineer. 

In addition to the establishment, 
maintenance, and improvement of 
standards for pressure and humidity, 
the NBS mechanical instruments pro- 
gram is concerned with improved per- 
formance and_ utilization of sensing 
elements based on mechanical prin- 
ciples, either by the utilization of 
improved materials or by the applica- 
tion of new developments in other 
branches of science and technology. 


t Allen B. Du Mont Laboratories 
Inc., Clifton, N. J]., Rudolf Leopold 
has been appointed manager of the 
newly formed specifications and rec- 
ord department of the Communica- 
tions Products Division. Mr. Leopold 
will be in full charge of drawing up 
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Let’s face it, fellows! Haven’t you been _ perience like ours means a break for the 
gilding us lilies a bit? customer. Which probably explains 
We sweat bullets, sometimes, over Why we have on our books right now 
moulds. Sometimes we balance off im- hundreds of customers, big and small, 
ponderables like material variations, | Who've stuck with us as principal sup- 
temperature changes, atmospheric con- _ Pliers for ten years and over. 
ditions and the rest—and get the right How about using that fact for an ad 
answer quick. Sometimes, not so quick. | — instead of a picture of a plastics ap- 
For this moulding business is still al- plication which “Only could be prop- 
most as much art as science, and there — erly produced by K-K, with its mighty 
isn’t any such thing as heavy-duty, all- | resources and unparalleled know-how”? 
weather, push-button perfection. Try it. Let’s see if one or two good 
Admittedly, good equipment and ex- — new customers don't call us! 
KU R/ KASCH 
Specialists in Thouns-Setting Plastics for 37 yoars 
i Kurz-Kasch, Inc. * 1419 S. Broadway * Dayton 1, Ohio 
; ea BRANCH SALES OFFICES: | New York, Mt. Vernon MO 4-4866 @ 
Twist-out plug moulded or ; ; : 
‘a for Bulldog Electric Products Rochester, Hillside 4352 @ Chicago, Merrimac 7-1830 ® Detroit, 
—da 10-year-plus K-K customer Trinity 3-8200 © Philadelphia, Hilltop 6-6472 © Dallas, Logan 5234 


® Los Angeles, Richmond 7-5384 ® St. Louis, Delmar 9577 ®@ Atlanta, 
Elgin 0870 © Toronto, Riverdale 3511. 
EXPORT OFFICE: 89 Broad St., New York City, Bowling Green 9-775]. 
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and medium quantities—from milli- 
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watts to 50 KVA, single or polyphase. 














May We Bid On Your Requirements? 
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1901 CLYBOURN AVENUE o CHICAGO 14, ILLINOIS 





























New aids for Thermistor use 


Send for application kits and 52-page manual pr 


- 














Two special application kits of Carboloy® Thermistors (negative 
temperature coefficient resistors) are now available for design 
and application work. Each kit contains a selection of the most 
widely used styles and sizes. 

The new, free 52-page technical manual includes latest infor- 
mation on the use of Thermistors in the automatic detection, 
measurement and control of energy. 

The manual also contains comprehensive descriptions of Ther- [| 
mistors’ properties, revised static and dynamic characteristic | 
curves, specifications and order information. Send coupon, today. } 















































Kit #1, $20.00 
FOR ENGINEERING 





Kit *2, $125.00 
FOR APPLICATION 








New Carboloy 















































DEVELOPMENT Thermistor Manual 
APPRAISAL Contains 104 Ther- TH-13 
Contains 18 Ther- mistors: twenty- 
mistors: two of six sizes and four 
each, in three styles. Also con- 
styles and three tains steel, lead and fibre washers, 
sizes. 





and tubing for building assemblies. 








CARBOLOY 


DEPARTMENT OF GENERAL ELECTRIC COMPANY 
Carboloy” is the trademark for products of the Carboloy Department of General Electric Company 
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: CARBOLOY f 
~ DEPARTMENT OF GENERAL ELECTRIC COMPANY e 
- 11109 E. 8 Mile Blvd., Detroit 32, Michigan ; 
* Send me the following: [_] New Thermistor Manual TH-13 4 
ry +4 } ; = 

e |} Kit No. 1, $20.00, plus applicable state taxes e 
[] Kit No. 2, $125.00, plus applicable state taxes ° 
. OS ° 

e Enclosed is [] Check [] Money order for $ . Please invoice us [] ° 
e . 
¢ Name___ ee Title we 
Se _ a Sar oe ee ; 
‘ ih i ae _ eal ; 
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final plans and specifications for the 
company’s line of television broadcast 
transmitters, studio equipment and 
mobile communication products. The 
new department is one of three 
formed under a recent divisional re- 
organization. Mr. Leopold will report 
to Gordon the 


Gregory, Division’s 


chief engineer. 


Motorola, Inc., Chicago, has _pro- 
moted Lloyd P. Morris, chief engi- 
neer of its Systems Department, to 
chief engineer of the Motorola Na- 
tional Radio Systems Consulting Serv- 
ice. Mr. Morris will devote his time 
to the design of customers’ radio sys- 
tems and to the solution of special sys- 
tems problems. He has had extensive 
experience in the design of two-way 
radio systems. 


At General Electric, Dr. Edward A. 
Kern has been appointed manager of 
engineering for the Silicone Products 
Department, with headquarters — in 
Waterford, N. Y. Associated with 
laboratory research activities at 
G. E.’s Transformer Division, Pitts- 
field, Mass., since 1942, Dr. Kern will 
leave his present post as manager of 
the Materials and Processes Labora- 
tory at the Pittsfield Works for his 
new assignment. Dr. Kern joined the 
G. E. Laboratory staff at Pittsfield in 
1942, where he also served as section 
head in charge of insulation research. 
He is the holder of eight company 
patents and-has written several tech- 
nical articles and papers. 


Other recent promotions at Gen- 
eral Electric include those of three 
men to new positions in the Indus- 
trial Engineering Section. They are: 
George W. Knapp, manager of engi- 
neering practice; Charles J. Meloun, 
manager of paper and textile engi- 
neering; and J. J. William Brown, 
manager of materials handling and 
testing equipment engineering. 


New head of product engineering 
at Pacific Mercury Television Mfg. 
Corp., Van Nuys, Calif., is Sava Jacob- 
son. Mr. Jacobson will be in charge of 
the final design of the company’s 
commercial products. Formerly, he 
was director of research at the Edwin 
I. Guthman Co., Chicago, and chief 
television engineer of CBS-Columbia. 


H. C. Wescott has joined the Tech- 
nical Planning Board of the Research 
Center, Burroughs Corp., Philadel- 
phia, as associate director for product 
diversification. Mr. Wescott will be 
concerned with Burroughs’ increased 
emphasis on product diversification 
and on the use of results of research 
outside the office equipment field. He 
will also implement technical support 
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Send this coupon now if you make, or plan to make, 
any equipment calling for a fractional or integral horse- 
power motor, up to 5 h.p. The Hoover catalog lists 
dozens of low-cost, in-production models in ‘stock or 
available on short notice. Or we can set up a meeting 
with Hoover engineers who will work with your engineers 
to tailor-make your motor to your most exacting mechan- 
ical and electrical details. No obligation, of course. 


PRODUCTION FOR HOME AND DEFENSE 
Week in and week out, Hoover is producing 
a very substantial volume of essential materials 
for the Armed Forces. 
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THE HOOVER COMPANY, ELECTRIC MOTOR DIVISION 
124 BROOK AVENUE, NORTH PLAINFIELD, N. J. 


Please send me further information on Hoover Motors. | am particularly 
interested in motors for 


(indicate type of equipment) 
Name 
Company 
Address 
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Reproduction Machine 


That Gives You All 







flex makes top quality, low cost, black 


A Bruning Copy t a few seconds. 


on white prints fast—in jus 
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A Bruning Copyfiex is preci 
time of trouble-free service. 












perate. Anyone can 








A Bruning Copyfiex is simple to © 
run it easily and well. 


A Bruning Copyflex requires only an 


tion to operate. 


A Bruning Copyflex 
clean—no fumes, no ex 





electric connec- 















is absolutely odorless, quiet and 


haust ducts. 












quires no permanent installa- 


A Bruning Copyfiex e for mobility. 


tion—is mounted on castors 
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Copyfiex Model 93 





» Many models to choose from—to suit every need, 
i any budget! Write us for full particulars. 


Copies anything typed, written, printed or drawn 
on ordinary translucent paper— in seconds. 


CHARLES BRUNING COMPANY, INC. © 4700 MONTROSE AVENUE 


Everything for the Engineer and Draftsman 
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for the research and development car- 
ried on at the company’s Electronic 
Instruments Division, which is re- 
sponsible for the manufacture and 
sales of research developments. 


Harry Lange, formerly assistant 
chief engineer, has been promoted to 
chief engineer in charge of the Bolt, 
Nut, Screw & Rivet Machinery Divi- 
sion, Waterbury Farrel Foundry & 
Machine Co., Waterbury, Conn. 


Earl B. Paxton, supervisor, electri- 
cal and related standards, standards 
service department, General Electric 
Co., Schenectady, N. Y., has been 
made a Fellow of the AIEE. Mr. Pax- 
ton was honored for “contributions to 
the formulation and organization of 
standards in the electrical field, the 
promotion of their acceptance and use 
by industry, and their coordination 
with other national and international 
codes.” 


New executive technical director at 
Chester Cable Corp., Chester, N. Y., 
is John Lackman. Mr. Lackman 
has been employed in the technical 
department of E. I. Du Pont de 
Nemours and is known for his special- 
ized work with nylon and_ poly- 
ethylene. Before that, Mr. Lackman 
was associated with major wire com- 
panies in various capacities. 


Everett M. Patterson has been ap- 
pointed director of engineering at 
Avien, Woodside, N. Y. Mr. Patterson 
has long been associated with develop- 
ment and research engineering activi- 
ties, having served for more than 12 
years at Bell Telephone Laboratories, 
Inc., where he was active in the de- 
velopment of anti-aircraft fire control 
systéms and sonar. 


Dr. Frederick W. Brown has been 
appointed director of the Boulder 
(Colorado) Laboratories of the Na- 
tional Bureau of Standards. Currently 
Technical Director of the Naval Ord- 
nance Test Station, China Lake, Callif., 
Dr. Brown will assume his new re- 
sponsibilities near the end of the 
current fiscal year. He will direct the 
research, development and _ standards 
programs of the NBS Central Radio 
Propagation Laboratory and the NBS- 
AEC Cryogenics Engineering Labo- 
ratory, both of which are located in 
Boulder. 

Although only a_ portion of the 
Bureau’s Radio division is now in the 
Boulder the total transfer of 
personnel and equipment from Wash- 
ington to a multimillion-dollar  re- 
search center in Boulder is expected 
to be completed during the coming 


area, 


summer, 
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tual Size 
Actual 51 Patent Pending 


Lightweight — 1.2 ounces (less aay 
Shock-resistant dynamically balanced am 
Reads 0 - 9999, 4 dials, non-reset. 


Switch Division of The W. L. Maxson Corporation 
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The Cold Metal Products Co., 
| with general offices and plant at 
Youngstown, Ohio, has started oper- 
ations at their new plant at Indianap- 
olis, Ind. The new plant marks an- 
other step in the long-range expansion 
program of the company. During the 
past year a subsidiary plant, The 
Kenilworth Steel Co., Kenilworth, 
N. J., was substantially increased in 
capacity, and later this year a new 
plant will be built in Los Angeles to 
replace the smaller facilities occupied 
by the Cold Metal Products Co. of 
California for the past seven years. 
The Indianapolis plant has been 
equipped for the production of spe- 
cialty items of carbon and alloy cold 


gS t LECTIVE rolled strip steel. 
FEEDING DEVICES Responsibilities of the new Elec- 


tronics Division at Fairbanks, Morse 
@ Note the improvement in Lower Costs, & Co., Chicago, will include research, 
Speedy Production, Quality Control and 
Increased Profits ... Now, this DPS con- 
tribution to the metal-working industry 
is emphasized in an expanded line of 
selective feeding devices and engineering oe 
service ... Tell us your requirements; we ucts, principally scales. 
have the unit and the know-how to meet The new division was established 
your needs. to accelerate the development and 


BARREL production of electronic scales and as- 

= ° . 

€ sociated equipment already devel- 
FEEDER oped, or in the process of develop- 


@ Here is an interesting case showing ment. General manager of the new 
separate screws and lock washers that division is L. J. Maguire, whose offices 
were loaded into a single feeder and will be located in Davenport, Iowa, 
ejected loosely assembled at the rate of 
60 to 70 a minute ... An amazing speed 
increase over slow, manual operation. In 
this instance, as in thousands of other : 5 
applications, the unit was designed with Construction of a new plant has 
the idea of maximum feeding of a wide been started by the C. I. Hayes, Inc., 













development, application engineering, 
and manufacture of electronic devices 
and apparatus used in conjunction 
with the manufacturers various prod- 





where the company has a_ research 
group in operation. 


variety of paris at a fraction of the cost of close to its present facilities in Crans- 
manual feeding. ton, R. I. The company, which manu- 
—— factures industrial electric heat-treat- 
BOWL FEEDER PM a ing furnaces, expects to occupy its 

— OWT eae a Sahog ’ - o 
Dy EE ™~, | new quarters about the middle of the 
Our Newest Addition a | year. In the new plant, covering some 





60,000 ft of floor space, will be lo- 
cated the activities now dispersed 
among six buildings, including the 
research laboratory constructed in 
1947. 


@ An electric, vibrating unit that advances the 
parts on a circular spiral, aligning and correctly 
locating them to issue directly into the work area in 
proper time cycle. Provides fully automatic feeding 
of light, fragile parts that normally could not with- 
stand tumbling. 











Increased emphasis on diversifica- 
tion of product development has been 
announced by the Research Center 
of Burroughs Corp., Paoli, Pa., 
through the formation of a new Spe- 


Let us diagnose your symptoms and prescribe 
the proper remedy. Write for details. 
cial Products Division. This division 


DETROIT POWER SCREWDRIVER CO. 
will be concerned with applications of 


2817 W. FORT ST. DETROIT 16, MICH. | magnetics and electronics in industrial 
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+ A SIMPLE, INEXPENSIVE JOB FOR BOUND BROOK 


' You don’t need a time-study crew to tell you this part might cost you its weight in 
gold, produced the old-fashioned way. When your men machine away alternate teeth, 
every motion costs you money. Bound Brook produces bronze and brass gears and 
other parts like these by improved processes of powder metallurgy ... and in volume 
at a fraction of the cost of machining. Finished parts are smooth, burr-free; well 
within the tolerances required; identical in strength and density. In producing parts 
of metal powder results depend upon the skill, the equipment, the capacity, and man- 
agement’s ability to keep delivery-date promises. Write or wire Bound Brook direct, 
or telephone the Bound Brook man nearest you to learn why Bound Brook can give 
you the results you want, lower costs; faster production; with parts of bronze, brass 
or iron, or with bearings of bronze or iron. 


OT ele 


BOUND BROOK OIL-LESS BEARING CO., EST. 1883, BOUND BROOK, N. J. 
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equipment and the development of 
defense equipment. In addition it will 
conduct research and development 
work in servomechanisms, telemeter- 
ing, and various applications of 
electronic, magnetic, and electrome- 
chanical techniques. 
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The recently organized Buck Elec- 
trical Manufacturing Co., Roselle, 
N. J., will manufacture a complete 
line of electrical fittings, including a 
nylon - insulated splicing connector. 
Officers of the new company include 
Stephan N. Buchanan, until recently 
associated with the Buchanan Elec- 
trical Products Co., Hillside, N. J. 


Augat Adjustable Tube Clamps 
are 3 ways more dependable! 


1. Made of 18% nickel silver for greater fatigue value, 


tensile strength and durability. 


2. Available in an endless variety for standard and special 
type tubes. 


Century Electric Co., St. Louis, 
Mo., manufacturers of electric motors, 
generators, and speed drive units, has 
opened a district branch office at 634 
South Cedar St., Charlotte, N. C. In 


STYLE + DIAMETER—INCHES charge is T. K. McKamy, a graduate 


a a et electrical engineer, who has served 


a See ee eae ae : eae — 1.703 Century as an application engineer 
rc: tr , cee PI 
pee SS, BhbsS ds. ees 3). eee — 1.250 since 1946. 


3. Rigidly tested; meets all requirements of government 
specifications. 








1010 1.375 
1022 1.375 


‘lectral: », Cambridge, Mass 

Write today for Catalog and Samples Electra ab, Inc . : 8 ig fass., 
has been acquired as a subsidiary by 
the Farrington Manufacturing Co., 


AUGAT BROS. INC. he arrngton Manutactring “Co 
Jamaica Plain, Mass., Electralab de- 


31 PERRY AVENUE « ATTLEBORO, MASS. signs and manufactures printed cir- 
cuits for electronic equipment, includ- 
ing the modular design system (for- 
merly Project Tinkertoy). The com- 
pany, which now produces printed 
circuits by the etching process, will 
soon introduce its newly developed 
plating and die-stamping process for 
general production purposes. 













































SERVOBIRD <1 N x Di d? 
anna Nyquist Diagrammea: 






A Function Transferred?” 





Marking its third expansion in re- 
cent years, Tenney Engineering, Inc., 





In one convenient instrument, here is test equipment is now carrying on ave opera- 
for determining, in design or production phases, tions in its new plant at 1090 Spring- 
the dynamic performance of regulators, governors, field. Rd., Union, N. J. The new plant 
process controls, positioning servomechanisms. consolidates and enlarges previous fa- 

cilities of the old headquarters plant 
Only the at 26 Ave. B, and an auxiliary plant 


® | at 68 Clifford St., both in Newark, 
SERVOSCOPE N. . The ame or al io Serena 


exclusively to the manufacture of en- 
has all these features: 
(ere 


vironmental equipment. The new 








e Applicable to both AC carrier and DC plant contains 30,000 sq ft. 
servo systems. 

e Generates: 1. Sine-wave modulated carrier Sylvania Electric Products Inc. has 
2. Low frequency sine wave 3. Low frequency started manufacturing operations in 
square wave its new 422,000 sq-ft television set 

e Built-in electronic sweep with no sweep potentio- assembly plant in Batavia, N. Y., the 
meter to wear out and require replacement. company’s largest facility under one 

e Dynamic frequency control range of 200 to 1. roof. 


The new plant is one of six facil- 
ities in four states operated by Syl- 
vania’s Radio and Television Division. 
Headquarters of this division will 
remain in Buffalo, with the activities 
of the Buffalo plants including televi- 
sion and automobile radio set produc- 
tion, commercial electronic apparatus 
production, electronic equipment for 


For detailed specifications write Dept. EM-5. 


sc 110 C 





x 


‘Output wave forms of Servo- SERVO 


scope displayed against inter- 
nal linear sweep generator, CORPORATION OF AMERICA 
frequency 1 cycle. New Hyde Park, New York 
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sensitive, rugged, compact! 


Here’s a new polar relay that will soon be setting 
records for long service life! Its sensitivity gives peak 
performance for high-speed polarized pulse repeating, 
or for applications where low current is transmitted 
over long lines. The Series PTW Relay is also recom- 
mended for line-current direction indication or as a 
differential relay in the ‘““Wheatstone Bridge” type of 
control. Advanced features include: 





simplified design and long service life 
New design eliminates many parts and adjustments 
formerly required. Relay gives billions of operations 
without re-adjustment. 





extreme sensitivity 
Unit operates on currents as low as 2 to 12 milliam- 
peres, depending upon number and combination of 
windings used. Signals as low as 10 milliwatts through 
the two line-windings will “trigger” the relay. 





reduced bounce and wear 


A new method of armature support limits longitudinal 
movement. There are no bearings to wear . . . the 
usual rocking motion in contact make-and-break is 
reduced. Armature bounce is virtually eliminated; 
contacts last longer. 

























Automatic Electric 
PTW Relay 








. . . . *. 
improved characteristics in smaller size 


Because of increased magnetic efficiency, the coils take 
less space and need fewer turns. The lower coil imped- 
ance of this compact unit gives improved character- 
istics. 





fast response 


Travel time is as low as .9 milliseconds, depending 
helpful technical data upon contact gap and windings used. 


Make and Break—75% total “‘make”’ on both contacts at 60 cycles per send for circular 


second with .006” contact gap and 23 milliamperes of sine wave ac. For a small, fast, sensitive polar relay that out-per- 
Simple, easy re-adjustment can be made in the field. 






ag ar erway forms and outlasts all others, specify this new Auto- 
Windings—Four windings: two line-windings, each 139 ohms resistance matic Electric Series PTW Relay. For details ask for 
and only .5 henry inductance; other two windings, each 101 ohms and Circular 1821. Write: A ic El ic Sales C 
.125 henry. The number of coil turns to be placed in series aiding can CURE - Write: Automatic Electric Sales Corpo- 
vary from 1400 to 8400. ration, 1033 West Van Buren St., Chicago 7, Ill. In 
Cover—Snap-on cover easily removed for inspection and adjustment Canada: Automatic Electric (Canada) Ltd., Toronto. 
of relay. Offices in principal cities. 
Mounting—Jack mountings, available for flush or surface mounting. 
Size—2%4" wide, 2%” deep and 2114” high (plus 5%” projection of RELAYS SWITCHES 
banana plugs). PRODUCTS OF WAN INDUSTRIAL DEPARTMENT OF 
For more detailed information, ask for Circular 1821. | CVT Tire T Hy AY CVT Tire ii | [ ' L E i if R | A 
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the armed services, and the design 
We mold ail | and building of production test equip- 
Thermoplastics | ment. 
including Nylon, 
in sizes up to Ace Engineering & Machine Co., 
60 oz. Inc., and RFI Shielded Enclosures 
Corp., both of Philadelphia, have 
agreed to amalgamate. Both com- 
panies are engaged in the manufac- 
ture of shielded enclosures for use in 
suppressing radio frequency interfer- 
ence. 





for 
BETTER 


MOLDINGS 


Consolidation of General Electric’s 
Indiana receiving tube manufacturing 
at its Tell City plant has resulted in 
the closing of a feeder operation, the 
G-E tube mount assembly plant at 
Huntingburg. The processing former- 
ly done at the latter plant has been 
shifted to the 42,000 sq-ft addition 
completed last autumn at Tell City. 


“Trade name cf 


ah, teaenn Oe The John Oster Manufacturing Co., 


Racine and Milwaukee, Wis., has pur- 
chased the Cummins portable tool 
division of the Cummins-Chicago 
Corp. No changes in the Cummins 
sales organization are contemplated. 


One of the most 
remarkable of the new plastic materials, Kel-F 
offers these outstanding advantages: 


Precision Potentiometers Corp., 
e High Dielectric Characteristics 1243 West Pico Blvd., Los Angeles 


s 4 15, Calif., organized as a majority 
e Chemically Inert to all Acids, owned subsidiary of Master Mobile 


Organic Solvents, and Alkalis Mounts, Inc., will manufacture high- 
precision potentiometers and precision 
windings. President of the company 
is Samuel E. Goldstein, who is also 


e Zero Moisture Absorption — 
non-wetting 


e Wide Temperature Range — president of Master Mobile Mounts, 
Ine. 
from 320 F. to 390 F. e 
e High Impact and Compressive Fray Machine Tool Co. has moved 
Strength—low cold flow its manufacturing-engineering  serv- 


; ices and main officers to a new plant 
e Retains Dimensions under allt 2935 North Ontario St., Burbank, 
conditions Calif. Covering 20,000 sq-ft, the plant 
will make possible the increased pro- 
We invite inquiries on all your molding needs | duction of milling machines and at 
. . . our facilities include Design and Engineer- | tachments. 
ing; Mold Construction; Metal-Plastic Assem- 
blies; 2 and 3 color Plastic 
Spraying and Painting; Hot An agreement has been reached by 
Stamping; Vacuum Distillation | the Bakelite Co., a Division of Union 
Plating; Fabricating and Assem- = Carbide and Carbon Corp., and 
bling. Devoe & Raynolds Co., Inc., for li- 
censing the Bakelite Co. to operate 
SINKO MFG. & TOOL CO. under the epoxy resin patents held or 
3135 W. Grand Ave., Chicago 22, Il. controlled by Devoe & Raynolds Co. 
This licensing agreement, and the in- 
crease production facilities now under 
construction by Bakelite Co., will per- 






BRANCH OFFICES: 


HADDONFIELD, N. J. mit greater production of epoxy resins. 
TOM MUCKENFUSS—261 Wayne St. 
MILWAUKEE 3, WIS. | Standard Pressed Steel Co. has just 
RICHARD P. VALLEE—2302 W. Clybourn St. | completed a $10,000,000 phase of a 
DETROIT 2, MICH. continuing program of expansion and 


JAMES C. TIFFT—512 Stephenson Bidg. 


DAVENPORT, IOWA 
WILLIAM R. VOSS—3818 Johnson Ave. 


modernization under which it has 
doubled its floor space in the last four 
years. The Jenkintown, Pa., firm now 

ccupies 650,000 sq ft of space, witl 
LOS ANGELES 23, CAL. 0 I € Sq ( S]} € Vitn 


LITTRELL HARDWARE SALES CO. additional expansion of plant facilities 
654 S. Anderson St. | being planned. Under this expansion 
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This Mark-Time switch is a good deal 
more than a great convenience... it 
saves you money! Because it remembers 
to turn the current off or on when you're 
not there to do itl 


**9000"’ automatically controls circuits 
of store window lights, neon signs, hall 
and garage lights, attic fans, farm light- 
ing systems... dependably turning 
them on or off at the time you set. 


"9000" is easily mounted in any 
standard rectangular wall box. Move- 
ments only available for home or 
industrial heating controls. 


Write today for full details and prices. 
SPECIFICATIONS 


Time ranges from 3 minutes to 12 hours. 
Rated at 20 ampere, 125 volt, 1 HP or 
10 ampere, 250 volt operation. AC only. 
Available for either ON or OFF type op- 
eration. Hold feature also available—at 
HOLD position, current is ON, but timing 
mechanism does not operate until knob 
is turned from HOLD to a time period. 


b/d 
M. H. RHODES, INC. 


HARTFORD, CONNECTICUT 





Manufactured and sold in Canada by 
SPERRY GYROSCOPE OTTAWA, Limited 
3 Hamilton St., Ottawa, Ontario, Canada 
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Don't let cord failure spoil your product performance 


specify new ome 5 


NEOPRENE SHEATHED 
FLEXIBLE CORDS 


Whether you are manufacturing original elec- 
ovEe “2o"..008 VOLTS trical equipment or specifying replacements, 

you know the important part flexible cords 
TWO CONDUCTOR THREE CONDUCTOR 


; nage play. 
AW Per M" Simple cord failure can injure an equipment 
| 40 | 95 lbs. 05 lbs. manufacturer's reputation and can cause costly 
100 lbs. 90 lbs. plant downtime. 


That is why it will pay you to specify New 
53 | 160 lbs. 00 Ibs. 


Rome 50 Flexible Cords. You can count on 
ds 
| 84 | | 69 | 
\ 


dependable cord life because their Neoprene 
250 Ibs 25 Ibs jackets are specially compounded and cured 
TYPE “SJO” FLEXIBLE—300 VOLTS 


to give greater protection against sunlight, 

acids, oils, moisture, abrasion and flame. This 

careful compounding and curing also gives 

you a more flexible cord that is easier to 

handle. 

ad THREE CONDUCTOR Flexible Cords are economically priced as a 

JP inc | companion line to Rome's quality-proven Rome 
7 60 heavy-duty cords and portable cables. 

16/30 an When you need portable conductors specify 

26/30 63 lbs. ’ Rome ... Rome 50 for regular service... 
Rome 60 when the service is tough. 















bdo 







E 



















Available in Types SO and SJO, Rome 50 
SIZE 
A.W.G 


~ 
c 


TYPE “SJO” EXTRA FLEXIBLE—300 VOLTS ; 
THREE CONDUCTOR 
pes: [err er [ors 
42/34 50 lbs. 70 lbs. 

67/34 61 lbs. 86 lbs. 
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It Costs Less to Buy the Best 


ROME +- NEW YORK 
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TORRANCE + CALIFORNIA 
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Giant Lindberg furnace — one of 
six engineered for heat treating rifle 
parts —uses 15 Star-Kimble 
Brakemotors on hoists, trolley drives, 
furnace and quench door operators, 
pusher drives and conveyor drives 



















Wherever brakes are soanteall on furnaces, 
Lindbergh Engineering Co. uses 
Star-Kimble Brakemotors 


BECAUSE 





Those are the reasons why Lindberg uses Star-Kimble Brakemotors 
exclusively wherever brakes are needed. When service calls for fast, 
smooth stop-start cycles —repeated millions of times — Star-Kimble 
Brakemotors will do the job with little or no maintenance attention. 
For complete information, write for Bulletin B-501-A. 
Standard and special motors of all types, 1 to 125 hp; generators 


and motor-generator sets, 1 to 100 kw; marine motors, 12 to 125 hp. 


(“= 


Star-Kimble 


MOTOR DIVISION 
Miehle Printing Press and Mfg. Co. 


296 Bloomfield Avenue Bloomfield, New Jersey 
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plan, half of which was devoted to 
construction and the remainder to the 
acquisition of modern machinery and 
equipment, SPS has built an_ inte- 
grated one-roof plant on the site 
where formerly there were many sep- 
arate buildings housing various pro- 
duction activities. 


To provide its customers in Dela- 
ware, Marvland, Virginia, and the 
Carolinas with better service, the 
Spaulding Fibre Co., Ine., Tona- 
wanda, N. Y., has opened a branch 
office at 123 West 22nd St.. Ballti- 
more 18. In charge is D. F. Dawson. 


Donald P. Mossman, Ine., manu- 
facturers of multiple circuit lever, 
push and turn switches, are now oc- 
cupying their new plant at Brewster, 
N. Y. The company, which also main- 
tains manufacturing facilities at Joliet, 
Ill., has located all management, en- 
gineering and sales activities at the 
Brewster plant. Chief engineer of the 
new plant is George C. Hills, Jr., who 
has served as industrial specialist 
with the Department of Defense, as 
well as assistant to the chief engineer, 
Plastics Div., Celanese Corporation of 
America. 


Texas City, Tex., has been selected 
by Monsanto Chemical Co. for the 
site of its first polyethylene production 
plant. Located adjacent to Monsanto’s 
existing Texas City plant, the new 
unit, operated by the Plastics Division, 
is exnected to produce commercial 
quantities of polyethylene during the 
fourth quarter of 1954. Initial plans 
have set the annual capacity at about 
66 million Ibs, with a 50 per cent 
increase capacity scheduled for 1957. 


Shuttig and Company, Inc., has 
moved its offices and engineering de- 
partment to 5005 Calvert Rd., College 
Park, Md. This move is part of a 
planned program for concentrating all 
company facilities under one roof. 
Negotiations are now under way for a 
new plant which will house the offices 
and engineering department, as well 
as the machine shop, assembly, and 
test facilities. 












The Joy Manufacturing Co., Pitts- 
burgh, has opened at 2410 Terminal 
Tower, Cleveland 13, a new district 
office that will serve the Ohio-Michi- 
gan area. In charge will be Howard 
E. Butters. 


With headquarters at 717 North 
Lake Ave., Pasadena, Calif., Electro- 
Data Corp. has been organized as a 
wholly owned subsidiary by Consoli- 
dated Engineering Corp. The new 
corporation will carry on the engi- 
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ONE IN A SERIES: discussing the importance of selecting the proper permanent magnet to use in your product 


Why SOUND, FUNCTIONAL MAGNET DESIGN 





guarantees superior product performance 


Magnets must be “tailored” to your 
product... tailored in size, shape, and the mate- 
rial used ...if greatest efficiency, at the lowest 
possible cost, is to be expected. 

The magnet assemblies shown above are typ- 
ical of such “tailoring.” Those used in test meters, 
for example, are designed specifically to maintain 
a magnetic field of uniform high energy, so neces- 
sary to the precise operation of such meters. 

Others—for holding applications—are de- 
signed so that their magnetic circuits provide the 


THE INDIANA STEEL PRODUCTS COMPANY 
Valparaiso, Indiana 


World’s Largest Manufacturer 
of Permanent Magnets 


INDIANA 
PERMANENT 
MAGNETS 


1954 


greatest possible tractive power. In applications 
where the magnet acts on moving parts of an 
assembly, still different designs may be required. 

Our engineers—specialists in permanent mag- 
net design and application—welcome the oppor- 
tunity to assist you with your designs. For their 
recommendations—without cost or obligation— 
write us today. Or return the coupon below for 
a free copy of the helpful article, “Selecting 
the Proper Permanent Magnet Material for Your 
Product.” 


The Indiana Steel Products Co., Dept. 5B 
Valparaiso, Indiana 


Please send me a free copy of “‘Selecting the Proper Permanent 


Magnet Material for Your Product.” 


Name . Title 


Company- 1 
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| Street 
| . 
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“Maverick” usually spells 
trouble, on the production line as 
well as out on the range. Being 
an unknown quantity or a 
“Johnny-come-lately,” it leaves 
room for genuine doubt both as to 
performance and to quality. 

And that’s the reason so many 
experienced buyers— production 
experts to supervisors — insist 

on Kester... the one “brand” 
that is synonymous with the best 
in solder and solder products. 









































Insist on Kester for the exact job-engineered 
Solder you require; 8 major Fluxes in 

Core Solder, available in 5 core openings. Also 
... Kester Solid Wire and Bar Solder, 

Kester “Solderforms” and Kester Fluxes. 





















































SOLDER COMPANY 


4209 WRIGHTWOOD AVENUE « CHICAGO 39, ILLINOIS 
NEWARK 5, NEW JERSEY « BRANTFORD, CANADA 
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neering, manufacturing and sales ac- 
tivities formerly conducted by Con- 
solidated’s Computer Division. The 
degree of specialization required in 
computer design and manufacture 
and the anticipated increase in de- 
mand for electronic computers, are 
factors which lead to the formation of 
the new company. 


Techniques, Inc., is a new research 
and development laboratory located 
in Bldg. 120, Santa Barbara Airport, 
Goleta, Calif. The company special- 
izes in the design and development 
of electronic and associated equip- 
ment. 


Technograph Printed Electronics, 
Inc., Tarrytown, N. Y., has granted a 
license to Baldwin-Lima-Hamilton 
Corp., Philadelphia, which makes 
available all of Technograph’s basic 
patents, research and techniques, for 
use in developmental and manufactur- 
ing operations. 






Carrying out another step in a long- 
range expansion program, National 
Vulcanized Fibre Co., Wilmington, 
Del., is planning a research laboratory 
to enlarge the facilities of the com- 
pany’s research and development sec- 
tion. Function of the new laboratory 
will be to improve the quality of pres- 
ent products (vulcanized fibre and 
Phenolite laminated plastic), to de- 
velop new uses for these products, 
and to develop entirely new mate- 
rials. The laboratory will be housed 
in a 20,000 sq-ft building at Yorklyn, 
Del., which is to be completely reno- 
vated at an estimated cost of $250,- 
000. 


Struthers-Dunn, Inc., relay manu- 
facturer, has moved from 150 N. 13th 
St., Philadelphia, Pa., to Lambs Rd. 
Pitman, N. J. New office and factory 
buildings comprising more than 54,- 
000 sq-ft of space have been com- 
pleted at the new address. 


Thor Power Tool Co., Aurora, IIl., 
has expanded its power tool manufac- 
turing operations with the purchase of 
the Speedway Manufacturing Co., 
Chicago. The newly acquired com- 
pany will continue with the same per- 
sonnel at the Chicago plant, and 
under the same executive manage- 
ment. The Chicago plant will be 
known as the Speedway Manufactur- 
ing Division of Thor Power Tool Co. 


The General Electric Co. and Radio 
Corporation of America have entered 
into an agreement by which RCA’s 
right to grant certain sub-licenses in 
the radio and television fields under 
G. E. patents will terminate Dec. 31, 


ELECTRICAL MANUFACTURING 













b 








Compare these features of 
the CLARE Type J Relay 
with ordinary 
telephone-type relays 


Extremely Small Size—Length: 2%”, 
Width: 1%”, Height (with 10 springs): 
1%”, Net Weight: 24% oz. (approx.). 


Large Current Capacity—Rated cur- 
rent carrying capacity: 4 amperes, 150 
watts. Twin contact points (Palladi- 
um) standard. 


Exclusive New Features—Twin con- 
tacts operate independently of each 
other—minimize chance of contact 
failure. 

Largest possible bearing surface for 
hinge-type armature. 

Armature bearing pin turns in cyl- 
inder of different metal which is full 
width of the heelpiece. 

Heelpiece designed and processed 
for extreme rigidity to take and hold 
fine adjustments. 


Versatile Operation—Standard coils 
provide for fast operate and fast re- 
lease (minimum of 1 to 2 milli- 
seconds). Coils may be provided for 
time delay on operation, time delay on 
release, or both. Also available, 
double-wound coils. Operating volt- 
age up to 220 volts d-c. 

Armatures may be single (right or 
left) or double. Residual: lock screw 
(adjustable) or fixed. 

Relays may be mounted on mount- 
ing bases or strips as well as upon 
mounting bars and individual mount- 
ing brackets. Also available 
with plug-in mounting. 


metal enclosures. 


Here’s a CLARE RELAY 


bm Mi tits Ct. 
a lot of design ideas 


e@ No fully acceptable substitute has ever appeared for the 
conventional telephone type relay. It offers a versatility of 
performance and flexibility of installation that meet the 
requirements of the widest variety of industrial designs. 

Prior to the introduction of the CLARE Type J Relay, 
however, designers were handicapped by the comparatively 
heavy weight, large size and certain operational limitations 
of this type of relay. 

The CLARE Type J changed all this. Here, for the first 
time, was a light-weight, small-size relay of the telephone 
type. It not only gave comparable performance advantages 
but added certain exclusive features which offered a new 
conception of efficient, long-life relay operation. 

This relay, among other features, provided independent 
twin contacts to preclude contact failures; the largest pos- 
sible armature bearing surface, thus insuring stable opera- 
tion and little adjustment change over a great number of 
operations; and an extremely rigid heelpiece to take and 
hold fine adjustments. (A fine adjustment will shift when a 
weak heelpiece is distorted by tightening the mounting screws.) 

Acceptance of the CLARE Type J Relay has been phe- 
nomenal. It has replaced the old style telephone type relays 
in innumerable designs where small size and light weight 
were of prime importance. If you are not familiar with the 
features and characteristics of this relay, we invite you to 
contact your nearest CLARE sales engineer or write to: 
C. P. Clare Co., 3101 Pratt Blvd., Chicago 45, Illinois. In 
Canada: Canadian Line Materials Ltd., Toronto 13. Cable 
Address: CLARELAY. Write for Engineering Data Book. 


Available with slip-on / 
dust-tight covers or her- 3 is 
metically sealed in / - 


i ieteienetetaitiiduianemeranree 


FIRST IN THE INDUSTRIAL FIELD 
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Built to JAN-R-19 Spec’s 
series 





L-400 


potentiometer 


The moderately priced precision potentiometer that 
incorporates features of more expensive models 
Miniaturized (only 156” diameter) for military air- 
borne instrumentation and similar applications 
Built to rigid JAN-R-19 and Air Force specifications 
300° electrical and mechanical rotation 

Linearity up to 0.1% 

5 to 125,000 ohms 

Available with on-off switch 

Ganging up to 10 units 

Many models ard special designs available 


For further information write DeJUR-Amsco Corpora- 


tion, Dept EML5, 45-01 Northern Boulevard, Long 
Island City 1, New York 


aS If 


CONNECTORS + METERS 
ole Re Es eae Be Nas ee a pe 
3 WES | ote | 


POTENTIOMETERS = 


1962. This establishes a cut-off date 
for sub-licensing right on G. E. in- 
ventions made before December 31. 
1954, provided RCA by a 1932 agree- 
ment known as the A-l Agreement. 
The new agreement limits the sub- 
licensing rights and the sub-licenses 
themselves to eight 


Dec. 31, 1954. 


years beyond 


Mark Instrument Co., Inc., Santa 
Monica, Calif., is a new company now 
producing precision instruments in- 
cluding servo-motors, resolvers, and 
other components, as well as instru- 
ment gears and hardware and special 
order electronic equipment. 


Completion of a $3,500,000 expan- 
sion program, that doubles the size 
of its plant and triples its productive 
capacity, was announced by Amana 
Refrigeration, Inc., Amana, lowa, 
manufacturer of home freezers and 
room air conditioners. More than 75 
per cent of the plant’s present equip 


ment has been purchased and _ in- 
stalled since the expansion project 
began a little more than a vear ago. 


Westinghouse Electric Corp. is con- 
structing a multi-million-dollar metals 
plant at Blairsville, Pa. Chief purpose 
of the new plant is to bridge the gap 
between research and the commercial] 
application of metals in electrically 
energized equipment. Construction of 
the plant was prompted by the ad- 
vances made in metallurgy ‘that have 
made possible much of the recent 
progress in electric power generation 
and atomic power and jet propulsion. 

The plant will provide equipment 
for basic metal working processes, 
facilities for investment and _ shell- 
mold casting, as well as equipment for 
limited manufacture of powder metal 
parts. The main building exterior 
should be completed by the end of 
this year and most of the machinery 
and equipment installed and operat- 
ing by mid 1955. 


The Cincinnati Milling Machine 
Co., Cincinnati, has formed a new 
machine tool division of which Swan 
E. Bergstrom, vice president of the 
company has been appointed man- 
ager, with responsibility for the Divi- 
sion’s engineering, manufacturing and 
other activities. 

Standard machine tool engineering 
and development work for the divi- 
sion will be directed by A. H. Dall. 
He will be assisted by F. A. Hassman, 
chief engineer of standard milling ma- 
chines and cutter grinders, and by 
J. Decker, chief engineer of standard 
grinding machines. In charge of spe- 
cial machine tool engineering is E. J. 
Rivoira. 
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offering the full line of world-fam 


quality and character ‘alone. 
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ASSEMBLIES 


“Cem 
Making complete electrical contact 
assemblies is a Gibson specialty that 
often means customers’ money saved. 
We have the correct materials and equip- 
ment to do the job. Although we can 
furnish Gibson contacts of any type for 
assembly in your own plant, many of 
our customers find it economical to 
have us do the entire assembly job. 

Engineering skill and production 
experience come into play. This is im- 
portant because the attachment of 
contacts to supports is vital to total 
performance of your product. 

Special Gibson copper alloys with 
high conductivity and strength are avail- 
able for making contact supports—to 
which contacts may be welded, brazed or 
riveted. 

Gibson contact assemblies can be 
made with the most economical and 
satifactory combination of contact form 
and assembly method to suit your prod- 
uct. Gibson-designed, Gibson-manufac- 
tured contacts and assemblies will give 
outstanding performance in your elec- 
trical circuit breakers, contactors, 
instruments, relays, rheostats, signaling 
equipment, switches, tap changers, ther- 
mostats, domestic appliances, and other 
electrical and electronic products. 





For engineering data on Gibson con- 


tacts and assemblies, write for free 
Cat. C-520. It's yours at no obligation. 





Contacts Engineered to Your 
Requirements 
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8349 Frankstown Ave., Pittsburgh 29, Pa. 





306 





Abstract and Comment 





Trends in Machine-Tool Design — 


Foreign and Domestic 


Freder:ck S. Blackall, Jr., President 
THe Tartr-Pemce MANUFACTURING Co. 
Woonsocket, R. I. 


THE UNITED STATES machine-tool 
builder faces a two-pronged challenge, 
both at home and abroad, which he 
must meet if he is to serve effectively 
the needs of all segments of industry. 
in brief, I believe we are approaching 
« fork in the road, so to speak, where 
machine-tool designers must give con- 
sideration to two radically different 
classes of machine tools. One branch 
will lead to a further and intensive 
development of the present trend to- 
ward automatic operation, maximum 
utilization of horsepower, the ultimate 
in feeds and speeds, and all of the 
other features which contribute to the 
highest possible productivity in mass- 
production operations. 

I also believe that a tremendous 
field is open to the machine-tool 
builder who will simplify the design 
of some of the basic machine tools for 
general-purpose use. There are a great 
many operations, even within the 
mass-production industries, that can 
be performed just as rapidly on a 
general-purpose machine tool as they 
can on one of the more complex 
models. 


Need for General-Purpose Machines 


The general-purpose engine or tur- 
ret lathe should be built to the same 
degree of precision as the most ad- 
vanced high-production unit. It should 
be capable of performing high-speed 
turning operations with carbide tools. 
It should possess a considerable de- 
gree of flexibility in the choice of 
feeds and speeds. Ability to produce 
a fine finish should be emphasized in 
its construction. Similar characteristics 
should be embodied in the general- 
purpose milling machine. 

The utmost attention should be 
given to skillful design of bases, head 
and _ tailstocks, tables, columns, and 
other heavy components, to provide 
minimum weight consistent with re- 
quisite rigidity. The latter should be 
accomplished through sound design 
rather than sheer dead weight. The 
use of weldments, high-physical-prop- 
erty irons, aluminum, magnesium, and 
plastics should be given increased con- 


sideration. A great deal can be accom- 
plished by the astute designer in the 
direction of improved rigidity and 
ruggedness without going overboard 
on massive construction. 

Newly equipped with the best in 
American, German, British, Swiss, and 
Swedish machine tools and enjoying 
labor rates which are a small fraction 
of our own, European manufacturers 
are planning a wholesale invasion of 
our markets. American manufacturers 
must get their houses in order and 
provide themselves with equipment 
which will minimize the inordinate 
disadvantage from which we_ suffer 
relative to Europe in our cost of labor. 

What, then, are the trends to which 
the designer should be alert in plan- 
ning the 
tomorrow? 


mass-production tools of 

The high cost of labor will stimu- 
late the effort to reduce the human 
element at possible point, to 
m:ke the machine pace the operator, 
rather than vice versa, and to mini- 
mize operator fatigue. These objec- 
tives will be served by continued em- 
phasis on automatic features, design 
which will simplify the maintenance 
problem, and sturdy construction 
which will permit the use of carbide 
tools at their maximum capacity at all 
times. 

Every possible step should be taken 
to assure machine operation at opti- 
mum speeds and feeds. Incidentally, 
machine designers would do well to 
give increasing attention to higher 
speeds and feeds not only in turning 
and boring operations, but on millers, 
planers, shapers, and the like. In many 
cases we have not yet begun to ap- 
proach the full potential of cutting 
tools made from modern superhard 
cutting materials. 


every 


Reducing Machine Down-Time 


However, optimum speeds and 
feeds are not the sole answer to cost 
reduction. Actual machining time is a 
surprisingly low proportion of the total 
production time. Setup, loading and 
unloading, gaging, and checking take 
a heavy toll in costs. Thus there will 
be a growing emphasis on cutting the 
time involved in performing non- 
productive elements of the work and 
in reducing machine down-time. Auto- 
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This symbol identifies the National Machine Tool Builders’ Association—a group of 196 


manufacturers of machine tools. 148 of these companies, or 3 out of 4, are using Garlock 
KLOZURE Oil Sects. 


(OT quad 


| Machine Tool Builders 
use KLOZURE* OIL SEALS 


Here are 3 reasons why—- 





~~ 
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I The Kiozure Oil Seal is a precision-made product, 
e . 
so necessary for all components of the tools which 
are designed for fine precision machining. 


> KLOZURES are uniform—both in sealing contact 
e 


n and in spring load. 


a LT 





n 3, Kvozure Oil Seals are extremely efficient—they Model 53 finger spring KLOZURE, for normal and high speed 
le e : ‘ ; . A : service, applied to a shaft to protect the ball bearing. 
5 provide effective sealing with a minimum of power 


loss and heat generation. 











i- For positive bearing protection specify KiozurE Oil Seals 
ys for your machinery. KLozureEs are made in many models 
to 4 . 
i and a complete range of sizes. Get all the facts—call your 
| Garlock representative or write for Kiozure Catalog — 
S. No. 10. Medel 51—A general Medel 63—A general Model 65—A general 
purpose finger spring purpose finger spring purpose garter spring 
ly seal for medium speeds. seal for normal and high seal for normal and high 
p- speed service. speed service. 
ig 
rd 
THE GARLOCK PACKING COMPANY, PALMYRA, NEW YORK 
} Sales Offices and Warehouses: Baltimore ¢ Birmingham ¢ Boston e Buffalo ¢ Chicago e Cincinnati ¢ Cleveland « Denver 
i Detroit ¢ Houston e Los Angeles ¢ New Orleans ¢ New York City ¢ Palmyra (N. Y.) ¢ Philadelphia ¢ Pittsburgh e Portland 
nd (Ore.) @ Salt Lake City ¢ San Francisco ¢ St. Louis ¢ Seattle ¢ Spokane ¢ Tulsa. 
rst in Canada: The Garleck Packing Company of Canada Ltd., Toronto, Ont, *Registered Trademark 
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HE ‘KIRK and BLUM 
no limit on Size . can | 
frau ‘ CUSTOM BUILD 
a ce an 
no limit @nm quantity ° ienatiinns. 


coTpreeeReerraEenenmnenee 


for you! 








Junction 
and 
Terminal 
Boxes 


Eeras s Whueruer Your Needs Are 
for Only One Unit or Thousands—If You Require an Intricate 


Control Desk or Large Quantities of Simple Assemblies—Send 
Your Problem to Kirk & Blum. 


Exceptional fabricating experience and facilities. . . that’s why 
KIRK & BLUM offers you exceptional service in fabricating 
electrical enclosures. There’s no limit on size, quantity, shape 
or intricacy. We build, to your exacting specifications, parts 
and assemblies of sheet steel, light plate, stainless, aluminum, 
monel and other alloys in gauges to 2”. 


Over 47 years ofexperience guarantee you complete satisfaction. 


Write for your copy of the 
latest KIRK & BLUM Elec- 
trical Enclosures Booklet. 
For prompt quotation, send 
your prints to The KIRK & 
BLUM Mfg.Co., 3122 For- 
rer St., Cincinnati 9, Ohio. 


KIRK’ fLum 


METAL FABRICATION 


Control Desks 
Instrument Panels 
Electrical Enclosures 
Control Panels—Cubicles 
Outdoor Electrical Enclosures 
Transformer Tanks, Test Stands 
Switch Gear Housing 
Louvres 
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We Bring Your Prints to Life 


matic loading will come in for its 
share of attention, as well as ease of 
chip removal. 

Automatic gaging features will come 
into increased use, both on the ma- 
chine tool and in the form of separate 
gaging machines. The air gage, the 
electric gage, and electronic devices 
are particularly suitable for working 
into machine-tool construction and in 
many cases will effect substantial cost 
savings. 

Similar considerations will affect 
the design, for all classes of machine 
tools, of special tools and other aids 
in manufacturing and set-up, such as 
preselective positioning devices. Inci- 
dentally, the latter, both as built-in 
features and as accessories, are con- 
verting the horizontal boring machine 
into a highly versatile unit for job-lot 
production. Angle irons and_ similar 
fixtures will be designed in such man- 
ner that the work can be mounted on 
or within them, and the whole assem- 
bly can be moved from one machine 
tc another without disturbing the lo- 
cation of the work within the fixture. 
Other means of reducing down-time 
are chip removal without stopping the 
machine, with chip breakers to facili- 
tate this, duplicate tables, one for 
loading, one for machining, and so on. 


Packaged Units 


Ease of maintenance should favor ° 


the trend toward construction of many 
production-type machines from so- 
called “packaged units.” These enor- 
mously simplify the repair problem. 
Packaged units also permit the ma- 
chine-tool builder to meet the growing 
demand for special-purpose machines 
without completely — sacrificing the 
economies of standardized production. 

Greater attention will be paid to 
coolants and lubrication both of the 
cutting tool and of the machine itself. 

I foresee superspeed fine-surface- 
finish milling operations coming more 
and more to the fore. These, and high- 
speed boring and turning, with dia- 
mond tools or carbides, already are 
producing amazingly smooth and ac- 
curate surfaces. Improved methods of 
evaluating surface finish will intensify 
the trend toward higher precision and 
finer finishes. 


Electronic and 
Hydraulic Mechanisms 


The development and perfection of 
electronic and hydraulic mechanisms 
for machine-tool drive and control has 
rendered practical the provision of infi- 
nite speed and feed changes within 
the range of the machine. This is a 
highly desirable feature, but neither 
hydraulic mechanisms nor electronic 
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ALL POSITION 


SHADED POLE 


MARCO MOTOR 
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Large porous bronze 
bearings. 


Bearing retainer plate 
for accurate positioning 
and alignment 
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Coils wound from one continuous 


Thrust washer combines 
the amazing wear resist- 
ant quality of nylon plus 
the lubricating quality 

hao Teel Lait MMI kT Me ToT a 
of smooth, trouble free 
service for both vertical 
and horizontal motor 
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length of wire reduce field failures 


Coil spring maintains positive 
bearing alignment 


Re-circulating channels return. fugitive oil 


from shaft back to reservoir 
1 4 


Oil slinger returns lubricant to felts. 








This motor can be mounted in a vertical, horizontal or 
inclined position because of the new bearing design which 
provides for the additional thrust and a positive oil 
retention. 


A special nylon thrust surface provides freedom from wear 

and oil oxidation regardless of the positioning of the motor. 
_ All steel parts are treated before finishing to prevent corrosion. 

All external parts are finished with attractive Ferrand Gray 
baked enamel to provide longer life under corrosive conditions. 





When the motor is operated in a vertical position the spe- 
cially constructed lubricating system prevents loss of oil along 
the shaft. 


The above features give you much greater freedom in the design 
of new equipment requiring a shaded pole motor power supply. 







Investigate now — see how Marco engineering saves you production 
time — assures high quality performance and a wider range of 
profitable products. Send full information on your product today 
for specifications of a Marco Motor to fit your requirements. 


co INDUSTRIES, Inc. 


788 Terrace Blvd. * Depew, New York 


Quality Motors “tailored” 
to your product at 


ready-made prices. 
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MODEL S-6-A 


DC CALIBRATION 
MARKERS 1-1000 us 
0-5 mc 


Size: 
8%" x 6%" x 13%" 
22 Pounds 


ANOTHER EXAMPLE OF LCézeeeear PIONEERING... 


The S-6-A BROAD BAND Scope is a PULSESCOPE in performance, 
POCKETSCOPE in size, and it compares more than favorably with oscillo- 
scopes that are transportable, instead of portable. The instrument measures 
DC as well as AC signals. Unique DC calibration methods permit rapid 
measurements of either positive or negative AC or DC signals. The scope 
uses a 3XP1 tube with 1500 volts on the second anode, thus providing a 
brilliant trace for high speed transients even at low repetition rates. Vertical 
amplifier sensitivity of 0.2v rms/inch, and response to 5 mc within 3DB... 
pulse rise time of 0.1 us. . . internal intensity markers from 1 to 1000 us... 
repetitive or trigger sweep from 5 cycles to 500 KC with 5X sweep expan- 
sion... sweep, marker and DC calibrating voltage available externally. Size 
8% x 634 x 1334 in. Weight 22 lbs.Operates from 50 to 400 cycles at 115 
volts AC. 


WATERMAN PRODUCTS CO., INC. 


PHILADELPHIA 25, PA. 
CABLE ADDRESS: POKETSCOPE WATERMAN PRODUCTS INCLUDE 

















$-4-C SAR PULSESCOPE® 

$-5-A LAB PULSESCOPE 

$-6-A BROADBAND PULSESCOPE 
$-11-A INDUSTRIAL POCKETSCOPE® 
$-12-B JANized RAKSCOPE® 
$-14-A HIGH GAIN POCKETSCOPE 
$-14-B WIDE BAND POCKETSCOPE 
$-15-A TWIN TUBE POCKETSCOPE 
RAYONIC® Cathode Ray Tubes 

and Other Associated Equipment 
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WATERMAN PRODUCTS 
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controls are yet sufficiently trouble. 
free. 

More will be heard of the results 
of recent research in the rapid cutting 
of ferrous and nonferrous metals, the 
disposition of coolants and cutting 
lubricants, and certain revolutionary 
developments now far advanced, some 
here and some abroad, in hitherto un- 
known methods of removing metal. 
For many years the American ma- 
chine-tool builder has maintained a 
position of recognized world leader- 
ship, but is faced with serious chal- 
lenge from abroad. We must not be 
complacent or too ready to assume 
that foreign engineers don’t know how 
to design good tools. 


European Influence on Developments 


Some of the progress which we our- 
selves have made in late years had 
its inception in Europe. Examples of 
this are high-speed planing, thread 
grinding, optical controls, a fair share 
of the trend toward automaticity, pre- 
cision profiling by the optical method, 
and many latter-day developments in 
gaging. 

Air gages, which now have been 
brought to a state of evolution in this 
country not yet equaled in Europe, 
were, nevertheless, originally devised 
in France shortly after World War I 
The initial application of air gages to 
machine tools themselves to control 
size and stop the machine on com- 
pletion of the operation was first tried 
out in Europe. 

Europe has consistently led the 
United States in planer development. 
The use of tungsten-carbide planer 
tools, operating at speeds up to 250 
to 300 ft per min, was commonplace 
in England before World War II, at 
a time when American planer manu- 
facturers still considered 100 ft as a 
high speed for their product. At long 
last we caught up with them and per- 
haps even improved on European 
practice; but planer manufacturers 
would do well to take seriously some 
further developments in the art which 
are just making their appearance on 
the other side of the water. 

A French firm is now producing a 
machine which planes in both direc- 
tions, thus eliminating the lost time 
ir the return stroke. 

It is interesting that the Germans 
seem more intrigued with full-auto- 
matic operation than we do. In their 
country, one hears much about the 
push-button factory of the future, but 
in mass-production operations, our 
needs for it is really greater than 


theirs, because of our much higher 


labor costs. 


In their preoccupation with the 
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push-button factory, the Germans 
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We can fill emergency requirements 
with the exact quality you need | 


ou needn’t worry when you find 

you’re running out of steel sheet 
or strip and are unable to complete 
a production run. You can depend 
on U. S. Steel Supply to rush the 
needed steel to your plant or shop 
immediately. And because of the 
complete stocks in all our ware- 
houses, you can be sure you’ll get 
steel of exactly the same quality and 


specification you were using. So you 
don’t have to lose costly production 
time when you need extra steel. 

All the sheet and strip we sell bear 
the famous USS trade-mark—your 
guide to quality steel. Call us for: hot 
rolled, cold rolled, vitrenamel, gal- 
vanized, galvannealed, paint bond, 
corrugated, long terne sheets, and hot 
rolled and cold rolled strip steel. 


U.S. STEEL SUPPLY 


DIVISION 


Warehouses and Sales Offices 
208 So. La Salle St., Chicago, Ill. Coast to Coast 


General Office 
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What you want 
When you want it 
At the right price 












































Modern PEC* hero plugs profit leaks 





NEW Centralab 
PLUG-IN 


Printed Electronic Circuits now available with 
exclusive, fast-soldering tapered tab leads 


Plug-in PEC’s are 100% standardized... 
for your immediate production use 


® 30 STANDARD PEC PLATES — PC-156, illustrated, con- 
tains 3 resistors, 4 capacitors. Eliminates 8 parts, 9 
extra soldered points. Simplifies circuit board pattern. 
Cuts down size and cost of circuit board.** 


® STANDARDIZED FOR FASTER LOCATING — uniform 
tabs spaced .172” ctr. to ctr., or multiples of .172” 
ctr. to ctr. Uniform leads are .344” long, and .045 — 
.049” wide at base. 


® STANDARDIZED FOR AUTOMATIC CENTERING — twin 
taper tabs jam-fit in holes to hold plate away from 
chassis for above and below soldering. No accidental 
drop-outs. 


® STANDARDIZED FOR POSITIVE SOLDERING — tab ends 
shaped flat to facilitate accurate soldering. Terminals fit 
1/16” dia. (round) or 1/16” x 1/16” square holes. One 


*Trademark shot of a solder-gun or dip soldering completes the job. 


Who but Centraiab would you expect to introduce ‘‘firsts’’ 
like Plug-in PEC’s . . . Centralab is the industry's only thoroughly 
experienced PEC engineering and production source. 


**Need 100 or 1,000,000 Plug- Standard PEC’s with wire 
in PEC’s? Centralab has ’em! J/eads are available at your 
Write for Bulletin EP-40 for local CRL distributor — see 
complete details. Catalog 28. 





A Division of Globe-Union Inc. 
949E E. Keefe Avenue @ Milwaukee 1, Wisconsin 
In Canada: 804 Mt. Pleasant Road, Toronto, Ontario 
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have given a great deal of attention 
to what they call programming ma- 
chines. Based for the most part on 
electronics, these machines are acti- 
vated by a series of push buttons to 
perform a multiplicity of preselected 
operations automatically. Many com- 
petent American engineers regard 
them as dangerously complex and 
question whether the time they save 
will be offset by their capital and 
operating costs, their potential for 
trouble, and their high maintenance 
expense. For my part, I think the 
American mass-production approach 
to multiple operations has been much 
sounder, breaking them down into 
steps, so that if one machine or com- 
ponent breaks down, it won’t interfere 
with the operation of all the others. 
The American approach to the mul- 
tiple-operation problem, in brief, has 
been to build it up from individual 
or easily separable units. Nevertheless, 
the Germans’ fascination with the 
push-button factory is a trend to be 
watched. 

Abstracted from a paper presented 
before the Cincinnati Section of The 
American Society of Mechanical En- 
gineers, Cincinnati, Ohio, November 
9, 1953. Ooo0 


Product Design Includes 
Effective Packaging 


PackAGING of electrical apparatus 
can often assume an importance of 
considerable magnitude and can often 
mean the saving of thousands of 
dollars when it is coordinated with 
product design. At the Packaging 
Conference of the American Manage- 
ment Association in Atlantic City in 
April, Robert Anderson, packaging 
methods supervisor of Sperry Corp., 
and Ray A. Tritten, chief factory en- 
gineer of Carrier Corp., discussed the 
savings obtained by well-designed 
packages. 

Much of Sperry Corp.’s work is 
with the Armed Services and Ander- 
son said that there is a trend to rec- 
ognize the potentials of manufactur- 
ers’ packaging engineers by specifying 
performance requirements for pack- 
aging, rather than specifying the de- 
sign and construction of the package. 
This often permits the use of new and 
less expensive materials and improved 
design. 

Several unusual packaging prob- 
lems were described by the Sperry 
engineer. In one, it was necessary that 
a computer remain in an upright posi- 
tion at all times because of its design. 
It was placed within a full suspension 
gimbal so that it remains in a vertical 
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ENGINEERS! 


Their wide-range applica- 
bility reduces the number of 
items needed for your plant. 
You do an even better job 
with fewer brushes. Lower 
cost to you! 
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d commutator film and surface, &) — 
1e “National” brushes reduce 7 4 — 
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0 Lower cost to you! C\ — 
PURCHASING AGENTS! — 
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f ... Minimizes costly short- a 
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STOREKEEPERS! 


Sturdy, light-weight, easy- 
to-identify packaging aids 
good house-keeping, saves 
time in requisitioning. All 

is add up to lowest cost, most 
r- efficient operation. 





The term “'‘National’’, the Three Pyramids device, and the 
r- Silver Colored Cable Strand are registered trade-marks 


of Dalen: Corbis end Canton Conperation Use “National” brushes on your main-drive, mill-type 
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‘VAP-OIL-TITE 
FITTINGS 


Fouled contacts cause costly because a collar covers metal 
burnouts and down-time. Use edges making burring unneces- 
VAP-OIL-TITE FITTINGS sary. Furnished in numerous 
with Plastic Covered Flexible types with body sizes from 
Metallic Conduit for Sure Seal- 3" to 2". Write or wire today 
ing of wiring on oil, water, dust for bulletin #MT-104 giving 
and vapor tite equipment. types, sizes and prices, 
VAP-OIL-TITE’S exclusive 
threaded bushing not only 
insures positive grounding but SR) eaMaeaa ML 


also makes fitting easier to install TR eee eR BL 


11 Park Place «© New York 7, New York 


Durakool 


STANDARD 


OF QUALITY, DURABILITY AND LIFE 


Years of trouble-free performance on the 
most difficult of assignments have won top 
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HIGH recognition for Durakool Mercury Tilt Switches. 
High temperatures, fast cycling and 24 hour 
TEMPERATURES schedules taken in stride. 7 sizes, | to 65 am- 





peres. Send for Bulletin 525. 






See telephone directory for local distributor or write 


DURAKOOL, INC.— Elkhart, Indiana 
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position regardless of the position in 
which the container happens to be 
placed during handling and_ trans- 
portation. 

In another case the original specifi- 
cations for an anti-aircraft computer 
required that the components be 
packed in wood boxes complying with 
specifications JAN - P - 104-105-106- 
107. Review of the package design 
prompted Sperry engineers to submit 
an alternate method using a slightly 
larger than standard type Dravo con- 
tainer commonly known as a “Trans- 
portatiner.” The resultant savings in- 
cluded the following: 1. Elimination 
of additional security protection be- 
cause the doors are locked and sealed. 
2. Uncrating at destination is elimi- 
nated. The unit can be positioned at 
the assembly line, the doors opened, 
and the computer removed and placed 
in position on the gun carriage. 3. The 
units can be stacked in the open be- 
cause they are weather tight. 4. A 
cost saving of more than $1,000,000 
on the initial orders. On repeat orders, 
the containers can be refurbished for 
further use to give further savings. 

In another case, a container for a 
guided missile was designed. It was 
to be used for shipments to all parts 
of the world and the temperature 
range was from 10 F to +160 F. 
Vibration and drop impact tests were 
also required. Because of the size of 
the missile, an end opening container 
was found to be most practical. A 
ring and bolt closure container was 
designed which is similar to the AN 
containers meeting specification MIL- 
C-6054. 


Cushioned by Rubberized Hair 


Rubberized hair was selected as the 
cushioning material because of elas- 
ticity characteristics at the extreme 
low temperatures to be encountered. 
The mechanical suspension mount 
was designed so that the missile can 
be loaded and unloaded in the con- 
tainer by using a standard %s in. 
socket wrench. A fibre-glass container 
was used rather than steel because 
fibre glass was found to be exception- 
ally strong in that it has undergone 
a series of 50 drop tests with no de- 
formation. Although it is more costly 
than steel, it is reusable and has im- 
portant advantages. These advantages 
are: 1. It is light in weight. 2. Can ve 
repaired easily and needs no repaint- 
ing. 3. Fibre glass and thermosetting 
plastics are not likely to be critical 
materials. 4. It has high shock resist- 
ance. 5. It has high resistance to rain, 
snow, ice, moist or salt air, and water 
immersion. 6. It has a low thermal 
conductivity comparable to that of 
wood, 

At Carrier Corp. Ray A. Tritten 
said, the packaging engineer is re- 
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ACTUAL SIZE 


THIS is a 75x magnification of or- 
dinary drawing brass—the kind that’s 
been used for decades for stamped or 
drawn brass products. 


THIS is a 75X magnification of super- 
fine-grain Formbrite.* Isn’t it obvious 
that this new type of brass can be polished 
in half the time? Frequently, a simple 
color buff will bring up the desired finish 
for lacquering or plating. 


AND, Formbrite is harder, stronger, springier and more 


scratch-resistant than ordinary drawing brass, yet has demon- 
strated its remarkable ductility for forming and drawing opera- 
tions, and ability to take sharp, clean-cut ornamental die 
impressions. 

With all these advantages, Formbrite costs no more. What 
can we do to help you try this time and cost-saving metal? 
Mail you a booklet? Send you a sample? Ask our Sales Repre- 
sentative to call? Simply write to The American Brass Company, 
General Offices: Waterbury 20, Conn. In Canada: Anaconda 
American Brass Ltd., New Toronto, Ontario, Canada. 


*Reg. U. S. Pat. Off. 5485 


Here’s an example of Formbrite at work. These pen caps are made of 
.0125”-thick Red Brass Formbrite strip at the rate of 2,000 an hour on a 
thirty-ton, 10-step multiple plunger press. Caps are buffed at a higher rate 
than with any other metal previously used. 


DRAWING BRASS 
an AnaconnA Product 


made by The American Brass Company 
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MIGHTY MITE ADDS SAFETY 
70 ELECTRICAL PRODUCTS 
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Mighty Mite Thermal Controls prevent these 
plastic sealers from becoming too hof. 


Mighty Mite Thermal Controls are pre-set 
and accurately calibrated at the factory 
for uniform, dependable operation. No 
adjusting or re-setting necessary. Simple 
to install, without modifying product de- 
sign. Available in a variety of terminal 
connections. Write for catalog. 


MECHANICAL INDUSTRIES 
PRODUCTION COMPANY 
217 ASH STREET * AKRON 2, OHIO 





sponsible for setting up the basic re- 


quirements of packaging for all prod- 
ucts, and the equipment design 
engineer is in turn responsible for 
recognizing these basic packaging re- 
quirements and designing equipment 
to take advantage of the optimum 
package. The various departments 
such as sales, advertising, manufac- 
turing, material control, production 
control, and purchasing are all in- 
volved in package planning. 


Packaging an Air Conditioner 


In a redesigned package for the 
Carrier room air conditioner, several 
problems in the former rigid, plywood 
crate were overcome. Several design 
changes were made in the air condi- 
tioner to facilitate package design. 


| The base pan became a part of the 


basic structure and the supports for 
the components were revised. Also 
the light decorative grill was removed 
and placed in a separate package. 


The redesigned package _pressure- 


| packed the unit, reducing the volume, 


weight, and cost. The corrugated car- 
ton protected the unit and the unit 
carried the carton. For protection of 
the highly finished baked enamel, all 
carton surfaces in direct contact with 
the unit are waxed. 

The package was designed for pal- 
letizing in stacks of three high. This 
reduced carloading time and factory 
and field warehousing problems. It 


_ also served to prevent manhandling 


Pe 





by requiring the use of power equip- 
ment. However, when the three high 
pallet is finally broken apart for de- 
livery of the unit to the customer’s 
residence, the package flaps provide 
an excellent means of handling by 
two men. This carton eliminated de- 
bris from uncrating and could also 
serve as a drop cloth to protect fin- 
ished floors. 

The grille and accessory package is 
shipped separately. The plastic grille 
was purchased from an outside ven- 
dor, and the carton was used by the 
vendor. Carrier inspected the grille 
and added the installation accessories 
for reshipping, thereby saving the cost 
of the carton. 

The higher cost rigid container was 
replaced with a pressure packed cor- 
rugated carton at a saving of $1.63 
per pack for material and a 10-min 
reduction in the factory labor required 
to pack the unit. The new pressure 
pack absorbs rather than transmits 
shock. After a year’s experience, ade- 
quate proof of this is given by the 
fact that reported shipping damages 
have dropped from 1.3 per cent for 
the old pack to zero for the base unit 
package and 0.6 per cent for the grille 
and accessory package. 

Another series of air conditioning 
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units are built over a range of capac- 
ities varying from 2 to 15 tons and 
in size from 30 in. wide by 29 in. 
deep by 38 in. high and weighing 
380 lb to 82 in. wide by 30 in. deep 
by 82 in. high and weighing 2400 lb. 
Because of its use within stores, res- 
taurants, and offices, this unit has 
been designed to have a_ pleasing 
appearance and therefore has a baked 
enamel finish. The chassis of the unit 
has a good structural strength; but 
cannot withstand the heavy stacking 
loads required for good warehousing. 

It is packed in a plywood crate 
designed to provide good solid col- 
umns to meet heavy stacking loads, 
but not sacrifice economy. A solidly 
enclosed crate has been used to pro- 
vide complete protection for the high- 
lv finished surfaces. 

Standard Tee weld nuts are projec- 
tion welded into the four corners of 
the steel base pan to provide a good 
tie in to the skid. Heat treated bolts 
of high tensile strength are used to 
insure against damage. The structural 
chassis has been so designed that a 
back bar of the crate can be bolted 
through to the structural chassis. This 
was done to aid in preventing rocking 
of the unit and shearing of the base 
skid bolts when the unit is subjected 
to impacts. 


During the initial design and test- 
ing of the unit, it was found that the 
copper refrigeration tubing was sus- 
ceptible to low frequency vibration 
such as might occur during shipping. 
It was, therefore, necessary to rede- 
sign the piping in order that it could 
be blocked or taped at strategic points 
to solid members to reduce the de- 
structive low frequency vibrations. 

The redesigned package for the 5- 
ton size produced a saving of $1.14 
and reduced the factor labor bv 4 
min per unit. OO0 


Air Conditioning Future 
Depression Proof? 


A ROSY OUTLOOK for air conditioning 
manufacturers was presented by 
M. M. Lawler, vice president of the 
Worthington Corp., Harrison, N. J., 
at a recent Educational Conference 
of the Air-Conditioning and Refrigera- 
tion Institute, held at Long Beach, 
Calif. 

In 1958 the air conditioning indus- 
try started calling itself a billion dol- 
lar industry. Estimates of consumer 
expenditures for air conditioning sys- 
tems and equipment range from $1 
billion to $1% billion. 

The American Institute of Manage- 
ment has recently made a study of the 
residential air conditioning market. It 
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-ELECTRALAB- 


for electronic applications 


Electralab Printed Circuits (like the one above) are 
reducing costs for many INDUSTRIAL ELEC- 
TRONIC equipment manufacturers! 


ELECTRALAB offers three types of printed circuits 
for electrical as well as electronic application: 

@ PLATED CIRCUITS \/ 

@ ETCHED CIRCUITS \/ 


@ DIE STAMPED CIRCUITS \/ 


Typical applications include: switches, commutators, 
motor controls, radar, computers, microwave, timing 
devices, controls for automation, etc. 


Why don’t you take advantage of Electralab’s engi- 
neering facilities before you design 

or redesign your products? Send for 

our Engineering Brochure. 


Don't forget . . 


Electralab 
makes printed 
circuits for MDE 
(formerly Project 
TINKERTOY) 
too! 


107 FIRST STREET, CAMBRIDGE 41, MASSACHUSETTS 
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METAL 
ACTUATING 


BUTTON METAL 
SWITCH * 


CASING 


SILICONE, 
NEOPRENE, 
or VINYL 
CASING 


SINE CURVE 
SNAP-ACTION 
ELEMENT 


Normally 
Closed 
STATIONARY Normally 
CONTACT Open 


STATIONARY 
CONTACT 


complete sealing from effects of 
, dirt and oils ® Vibration resistant up to 
3s ® No resonance up to 7000 C.P.S. @ 
take 2000 ft. Ibs. shock test ® Rated 10 
amperes resistive 28 V. D.C. or 115 A.C. @ 


_ 


ime lele hale lelelmme-.elelig-ianl-lanss 


» neoprene or vinyl molded cases ® 


rom 6 inches to 48 inches optional 


Maripfactiirors of thermal Pavires anil Ubieypregl Seuitehes 


was forecast that 1954 will see 120,- 
000 units installed and that the use of 
such systems will increase at the rate 
of 120,000 units per year for the 
| next few years, ultimately reaching 
| 700,000 units during the year 1958. 
Within 10 years according to the In- 
stitute, year-round air conditioning 
will be standard equipment in practi- 
| cally all new homes. 

New homes have been built at the 
rate of one million a year for the 
last seven years. Twenty-five million 
of U. S. homes today have central 
heating and more than half of these 
are equipped with warm air heat and 
can therefore be considered prospects 
for year-round air conditioning. The 
remaining dwelling units equipped 
with steam or hot water heating are 
prospective users of central water 
chilling packages or independent 
summer air conditioning systems. 


Packaged Equipment 


Last year was the industry’s biggest 
year for commercial packaged air con- 
| ditioners. It is estimated that over 
75,000 units were produced in 1953 
at a total retail volume of over $150 
million. Mr. Lawler predicted that 
this volume will be doubled in the 
next five years, and doubled again in 
the succeeding five years. The Air- 
Conditioning and Refrigeration Insti- 
tute estimates that manufacturers’ 
shipments of room air conditioners for 
1953 exceeded one million units; sales 
at the retail level amounted to about 
$270 million worth of units. It is ex- 
pected that this volume will event- 
ually level off at around $2 million per 
year for a retail volume in excess of 
half a billion dollars. 

Mr. Lawler looks to a highly com- 
petitive year for room air conditioners 
in 1954. Estimates of the number of 
marketers of this product range from 
75 to 90 as compared to 58 in 1953. 
This factor plus carry-over inventory 
will make for a heavy selling year. 
However, demand continues strong 

| especially for residential use, and he 
| expects that sales and_ production 
| figures will exceed the record year of 
| 1953. 

Central station air conditioning— 
for business, commercial and indus- 
trial establishments—is the oldest divi- 
sion of the industry. It is believed that 
1954 will see another big increase in 

| the installation of central air condi- 
| tioning and refrigeration systems and 
| that over the years this market repre- 
| sents the largest potential dollar vol- 
| ume for equipment and services. 


| Recession-Proof Industry 
What will happen to the air condi- 


tioning industry if we have a general 
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The new NEMA Standard for el i i 
ectric motors igni 
sign of progress to all industry — More Power - ome 


a progress—to be lasting— must be built brick by brick 
rampage : a Fairbanks-Morse designers have 
ideal of more performance in less s 

ace. Th 
_ spe outstanding advancements in an design 2 
1esel engines, pumps, scales, locomotives and the many 


— products that feature F-M exclusives. Fairbanks 
orse electric motors built on this basic F-M engineering 


philosophy are continuing a 
ssu . 
and efficiency. € rance of operating economy 


wanes ie me — motor that stands on this Fairbanks 
id foundation of design i : 
Fairbanks-Morse Seal of Quality. re 


NEW FAIRBANKS-MORSE GUARDED DRIPPROOF MOTORS 


1 


Guarded 
Dripproof 


Conduit Box 


5 


yy et Tt 
UT Tole 


3 


Bearings 


ya 


Double-end 
_ Ventilation 


wt 


a Guarded, dripproof 
construction keeps fall- 
ing objects and dripping 
liquids out of motor in 
any mounting position 
—maximum motor pro- 
tection under conditions 
of wet or dirty operation 
—indoors or out. 
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@ Exclusive Fairbanks- 
Morse feature that pro- 
vides a virtually inde- 
structible one-piece rotor 
—homogeneous, free 
from flaws and gas in- 
clusion for maximum 
strength and lifetime 
service. 


Ky Oversized, precision 
ball bearings in spacious 
housings, sealed against 
grease leakage. Contain 
ample lubrication for ex- 
tended periods of rugged 
service. Convenient 
flushing and re-lubricat- 
ing available if desired. 


@r-m exclusive de- 
sign eliminates hot spots. 
Cooling outside air is 
drawn into motor 
through openings in 
lower portion of both 
bearing arms and circu- 
lated through cored pas- 
sages in the frame. 


e New, gasketed, cast 
iron conduit box permits 
easy pulling of cables 
without insulation dam- 
age. Fairbanks-Morse 
exclusive: recess feature 
allows elimination of 
conduit box where space 
is limited. 
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fp save ot nylon P 


¢ 
way by designing with 


~~ POLYPENCO /Af—R 


Nylon parts that resist wear, heat, and chemicals can 
prove the performance of your products. With Polype: 
shapes, you get the benefits of nylon at lower cost thro 
economical fabrication. 


oo LD REDUCE PRODUCTION COS’ 





With standard sizes of 
POLYPENCO nylon strip, 
parts up to ¥%"’ thick and 4” 
wide can be economically 
blanked at rates as high as 
600/min. No specialized 
equipment needed. Standard 
metalworking punch presses 
and feeding methods 
do the job. 





When parts are machined 
from various Polypenco 
shapes, expensive molding 
dies are eliminated and one 
or hundreds of parts can be 
obtained with the same 
economy. Metalworking 
equipment right in your own 
plant can be used for turning, 
drilling, threading, mill- 
ing, etc. 





POLYPENCO nylon rod, tubing, sirip and 
slab are stocked for prompt delivery. Rigid 
production controls assure uniform high 
quality in every piece. We'll help you fabri- 
cate parts, or we'll make parts to order. 








Write today for prices and technical bulletin 
on Polypenco nylon shapes. 


POLYPENCO NYLON 


nylon and teflon* 
other non-metallics / stock shapes, finish 


also available to your specifications 







The POLYMER CORPORATION of Penna. « Reading, Penna. 


Warehouse stocks: 
Chicago, Ill. e Newton, Mass. ¢ Branford, Conn. e Los Angele 


*trademark for Du Pont tetrafivoroethylene resin 
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business recession? Mr. Lawler expects 
the volume of air conditioning busi- 
ness to keep right on increasing as it 
did during the depression of the 
1930’s. There are even reasons to 
argue that a recession would have a 
positive effect on the sale of air con- 
ditioning systems: 

First, sharpened competition for 
retail sales would force more and more 
stores to air condition in order to hold 
present customers and attract new 
ones. 

Second, manufacturers will be seek- 
ing ways to lower production costs 
and improve the quality of their prod- 
ucts. Air conditioning of factories has 
dramatically proved its value in 
achieving both objectives. 

Third, competition in the housing 
field would be such that new homes 
would have to be offered fully air 
conditioned while rental properties 
not so equipped would have to be 
modernized with air conditioning to 
remain rented to capacity. O00 


Stainless Steel Production 
Set Record in 1953 


STAINLESS STEEL PRODUCTION figures 
for 1953 show an all-time high of 
1,015,803 tons, according to an an- 
nouncement by Richard E. Paret, 
stainless steel specialist for American 
Iron and Steel Institute, New York. 
These production figures are based 
on reports by 20 stainless steel pro- 
ducers, which in 1953 represented 
97.1 per cent of the total output of 
stainless steel ingots. 

The net increase of 85,139 tons over 
1952 production was achieved despite 
a decline of 11 per cent in shipments 
of stainless steel to aircraft manufac- 
turers and a 31 per cent drop in 
government business. The wider 
usage of stainless steels by other 
manufacturers has more than com- 
pensated for the drop in aviation and 
government business. 000 


Prospects are Good 
for TV and Appliances 


APPROXIMATELY $5 BILLION worth of 
television receivers will be sold within 
the next three years to about 14,000,- 
000 American families now without 
TV. This prediction was made by W. 
C. Johnson, vice president-sales of 
Admiral Corporation, speaking at the 
annual convention of the Southern 
Wholesale Hardware Association in 
| April. 
The replacement demand within 
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the next three years among TV set 
owners will amount to at least 7,000.- 
000 sets, Johnson said. He added that 


the annual replacement _ business, 
rele UE a IRI” call ie” ea 





Uo.T 





“ACADIA syNTHETIC RUBBER PARTS 


ARE MADE ALL 3 WAYS! 


With Acadia you have a choice! Not only 
molded rubber . . . not only molded and die- 
cut ... not only extruded rubber. . . but 
rubber parts any way you require! Better 
yet, Acadia uses whatever method the re- 
quirements of the job and you dictate is the 
best way to do it. 


Acadia is especially sensitive to your spec- 
ifications. We will process synthetic compo- 
nents for oil-resistance— good aging proper- 
ties — resistance to heat — any characteristic 
you’re seeking, or a combination of charac- 
teristics. Acadia parts are cut, molded or 
extruded to all required shapes, sizes and types, 
with almost unlimited applications. 


Also, we offer Acadia SILICONE Rubber, 
molded or extruded for gaskets, seals, ‘‘O” 
rings, washers, sheets, cut-parts and pack- 
ings. This is the rubber that will stay resil- 
ient at 100° below zero, or 500° above! 
There’s an Acadia Sales Engineer near 
you to serve you. Write us today, and we’ll 
put him in touch with you immediately. 


a hie’ \ 
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DIVISION OF WESTERN FELT WORKS 


4035-4117 Ogden Ave., Chicago 23, Illinois 
Branch Offices in Principal Cities 


MANUFACTURERS AND CUTTERS OF WOOL FELT 
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SPECIFICATIONS: 


Dieh] Number: 
FPE 25-79-1 


10 Watts 
Maximum Output 


115 Volts 
Main Phase 


115 Volts 
Control Phase 


2 Poles 
2 Phase 


12.5 oz.-in. 
Locked Torque 
















23.0 oz.-in. Torque 


+ at minus 3000 
Priced es 


at only S Aer? = 


$30.00 Moment of Inertia 

















1.6 Ibs. in Weight 





38,600 Radians per 
T Second2 Theoreti- 
cal Acceleration 


This newly designed Diehl “HI-AC-CEL” Servo Motor affords 
high response and is suitable for a broad range of military 
and industrial servo-mechanism applications. 


FEATURES: 
1. Cogging (Slot effect) is Negligible 
2. No Single-Phasing 


3. Speed-Torque curve extends into the negative speed range 
at approximately the same slope. 





_ Diehl “HI-AC-CEL” Servo Motors are obtainable in ratings from 5 to 
25 watts output with standard 115 volt control phase windings and also 
with high impedance control phase windings. All ratings can be furnished 
with either A.C. or D.C. integrally mounted tachometer generators. 

















Our wealth of experience in producing quality motors is at your service 
to help you select the unit best suited to your specific requirements. 
Copy of Technical Manual No. EM-0554 describing Diehl Servo Motors 
and related equipment is yours for the asking. 


























Other Available Components: 


D.C. SERVO SETS © RESOLVERS 
MINIATURE PERMANENT MAGNET D.C. MOTORS 


DIEHL MANUFACTURING COMPANY 


E 















P ee Olt of THE SINGER MANUFACTURING CO 
Finderne Plant, SOMERVILLE, N B 








Atlanta Baltimore Boston Chicago Detroit New York Philadelphia Worcester 
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the next three years among TV set 
owners will amount to at least 7,000,- 
000 sets, Johnson said. He added that 
the annual replacement — business. 
when TV reaches its full saturation 
of 97 or 98 per cent, will reach 6 to 
7,000,000 units. 

Sales of black and white sets, a 
$2-billion-plus annual industry, again 
are moving well. Color television is 
not going to be a significant factor 
for at least one and, perhaps two more 
vears. Johnson gave three reasons for 
this thinking: the current high cost 
of color sets, the small 12-in. picture, 
and the limited amount of color pro- 
grams available. 

He predicted that 95 per cent of 
the 44,000,000 families now living in 
electrified homes will have TV service 
within three years. These figures do 
not include the new families which 
are being formed at the rate of 800.- 
000 a year. 

Johnson also forecast tremendous 
growth for the appliance industry. 
Only one out of seven electrified 
homes presently has a freezer and 
only one out of 20 families owns a 
room air conditioner. Within five years 
he said that 50 per cent of all homes 
will have either a freezer or a com- 
bination refrigerator-freezer, and one 
out of every four homes will have 
an air conditioner. On a_ national 
basis, within five years 50 per cent 
of all electrified homes are expected 
to have either a freezer or a combina- 
tion refrigerator-freezer, and that one 
out of every four homes will have an 
air conditioner. 

The appliance industry has con- 
sistently gained a larger share of the 
disposable income in the years since 
World War II than it did during the 
1930’s. The share has been 2'2 per 
cent against less than two per cent 
pre-war, an increase of more than 25 
per cent. Within a decade the amount 
spent each year for electrical appli- 
ances is expected to at least double. 

ooo 


Hard-Glass Electronic 
Tube for High 


Temperature 


A NEW HARD-GLASS rugged electronic 
tube designed to withstand high tem- 
peratures and extreme stress condi- 
tions in military and commercial 
aircraft, and industrial equipment has 
been developed by the Red Bank 
division of Bendix Aviation Corpora- 
tion at Eatontown, N. J. The tube, 
Type 6094, is the first of its kind to 
be engineered for mass production 
methods, according to Edward F. 
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in selecting Tapping 

Screws it is extremely 

important to understand 

the proper application for 

each type. The type you 
require will vary with: 1. kind 

of material; 2..thickness of ma- 
terial; 3. the method used for mak- 
ing the hole.* 


Lamson Tapping Screws are precision 
made to insure maximum holding even 
in thin material, fully hardened to 
permit the thread crests to form clean 
threads without stripping hole. They 
are available in a wide range of head 
and point combinations. A “special” 
Tapping Screw to many ... is a‘‘stock” 
item at Lamson. 


*This information is available in tabular form for 
easy reference. Write for as many copies as you need, 


PLUG NUTS PIPE PLUGS “1035” 
Ideal for blind Forged steel, SET SCREWS 


or hard-to-reach heat-treated. c aoe 
I . Up point type, 
en hardened and 
heat-treated. 
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The LAMSON & SESSIONS Co. 


1971 West 85th St. © Cleveland 2, Ohio 
Plants at Cleveland and Kent, Ohio « Birmingham « Chicago 


FOR PROMPT DELIVERY AND HELPFUL SERVICE, 
ORDER FROM YOUR LAMSON DISTRIBUTOR 


PLACE BOLTS LOCK NUTS “BENT BOLTS” SEMS 


With ‘Built -in’”’ Economical, Including U SCREWS Pre-assembled 
spring action vibration proof. bolts, eye bolts, lockwashers on 
for positive Can be used hook bolts, etc. Clutch and] tapping and 


locking. repeatedly. Phillips recessed machine screws. 
head screws. 
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Dobeckmun creates... 


properties. Dobeckmun brings 


highly specialized skills 
developed at Dobeckmun, the 
pioneer converters of film and 
paper. Let us supply you with 
working samples for testing. 








Slit Tapes of ; 


Mylar®...Insulation Miracle 


pes by Dobeckmun 


extreme thinness with 


PROPERTIES OF “MYLAR” 
POLYESTER FILM 


astonishing tensile and impact 


and dielectric 
Tensile Strength (Lbs./Sq. In.) 25,000 


you this new polyester film Seip - 

with a high coefficient of wae or ene ” 

fricti Bending Modulus 

riction on t 1e surface, and a (Lbs./Sq. In.) 500,000 

thickness of less than .0005’’. Softening Point (°C.) 240-245 
Slitting, laminating or Moisture Absorption (100°) 0.3 


Impact Strength (Kg./Cm.) /Mil. 75 
Dielectric Constant 3.25 
Power Factor (%) 60 CPS /25°C. 0.3 
Dielectric Strength Volts/Mil. 5,000 
Volume Resistivity (Ohm-CM.) 4x 1015 
Surface Resistivity 


(Ohms—100°% RH) 4.8x 10” 


® Registered by E. 1. du Pont de Nemours & Co., Inc. 


1D) beckmun Company, Cleveland 1, Ohio « Berkeley 10, Cal. 


Wells River and Bennington, Vt. 
Subsidiary: The Floyd A. Holes Co., Bedford and Madison, Ohio 
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‘DIAMOND H’ SNAP-INS 


now available for 


First in the field and still tops in consistent quality, 


“Diamond H” Snap-In switches, outlets, pilot lights and inter- 
connecting load plugs are now available with spade terminals 
for quick-type connectors as well as with standard screw 
terminals. 


Instant mounting, “Diamond H” Snap-Ins are merely 


ae into mounting holes where spring clips hold them 
rmly . 
lines for manufacturers of appliances, air conditioning, venti- 


. . providing important man hour savings on assembly 


ing and many other types of equipment. 
Switches rated 15 and 20 A., 125 V.; 10 A., 250 V., A. C., 


and also with h.p. ratings. Pilots rated 115 V. or 230 V., A. C. 
UL Approved. All four devices available in black, white, 
brown or special color plastic to harmonize with your product. 
Send us your requirements today. 


THE HART MANUFACTURING COMPANY 
211 Bartholomew Ave., Hartford, Conn. 
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Kolar, general manager of the divi- 
sion. The operating temperature of 
the envelope is 300 C (572 F) with 
a minimum life expectancy of 1000 
hr. Bendix tests to date indicate that 
when operated conservatively, the 
tube has a life expectancy of 10,000 
hr. The Type 6094 is expected to be 
in production in May. 

The development of the Type 6094 
is one phase of a program to design 
and manufacture electronic tubes for 
military, commercial, and industrial 
application for which conventional 
radio receiving types are not intended. 
The primary need in home radio and 
TV applications was for tubes that 
would give a suitable economic bal- 
ance between cost and performance 
where the consequence of failure was 
not serious. Use in military and com- 
mercial fields over a period of years 
showed that the conventional tubes 
have serious shortcomings in 
applications. 

A new economic balance between 
cost and performance had to be de- 
veloped, with the emphasis on a very 
high level of performance. The cost 
of the tubes can be many times 
higher if the required performance 
levels are successfully attained. This 
is so because of the extremely high 
cost of failure in terms of servicing, 
equipment, and human life, and in 
the case of military operations, inabil- 
ity to carry out a mission. 


these 


Failures Analyzed 


In the engineering program extend- 
ing over a period of four years, the 
high incidence of the tube failure was 
traced to operation at peak loads at 
higher than the maximum specified 
temperatures and to structural weak- 
nesses. Most structural failures result 
from the following: 1. Heater-cathode 
shorts and leakage. 2. Open heater 
welds. 3. Open tabs on cathode and 
grid especially when subjected to 
vibration at resonant frequencies. 4. 
Enlargement of mica holes by un- 
anchored supports. 5. Destruction of 
points in mica snubbers. 

To overcome these shortcomings, a 
tube structure incorporating a number 
of structural improvements was placed 
within a Nonex heat-resistant hard 
glass envelope. These improvements, 
some of which were developed pre- 
viously and used in other tube types, 
include such things as ceramic spacers 
between electrodes to eliminate ex- 
traction of moisture from mica at high 
temperatures, heavy micas (away 
from the hot cathode) with many 
points contacting the glass envelope, 
circular button stem for mechanical 
strength and to eliminate as many 
welds as possible, larger grid rods, 
larger grid wires, increased cathode- 
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Cut-away view of the new General Electric Model T-82 auto- 
matic toaster. Contact springs and heater elements were made 
of high Nickel alloys to insure long, trouble-free service life. On 
the bottom view of the toaster you can see the Inconel spring 
catch on the handy crumb snap-out tray. Inconel was used here 
because of its high heat and corrosion resistance. 





How General Electric appliance designers 
found ways to improve the automatic toaster 


MAY 1954 


When General Electric design engineers started 
work on a new toaster, model T-82, they wanted: 


e beauty in styling 


e extra-high toast lift so that small size 
breads could be easily removed 


@ snap-out, snap-in crumb tray for quick, 
thorough cleaning 


e long service with no trouble 


The first objective was achieved through a fune- 
tional design in chrome plate finish. 


The other three objectives depended on their 
choice of springs, wire, and wire ribbon. The 
springs had to resist temperatures up to 400° F. And 
the element and heater ribbons had to produce that 
heat evenly in years of use at home. 


That’s where high Nickel Alloys came into the 
picture. The toaster designers knew from experi- 
ence which Nickel alloy has the right characteris- 
tics for each required function. 


They knew they wouldn't go wrong with the 
leading grades of nickel-chromium resistance wire 


feact wate 


and ribbon for the toaster heating element and 
bimetal heater ribbons. And as leads to the bimetal 
ribbon, they specified braided “A” Nickel wire. 


For contact spring and crumb tray catch, they 
specified Inconel® spring temper strip, which re- 
tains its snap and resistance to corrosion even at 
much higher temperatures. Spring washer, tension 
spring, push-on clip and carriage spring were all 
made of #302 stainless steel, 18% chromium, 8% 
nickel. 


Many domestic appliance design problems are 
a matter of springs. But no matter what your prob- 
lem, Inco’s Technical Service Section would like 
to help. Write for “Analyzing the Spring Prob- 
lem.” It will give us a picture of what your difh- 
culty is so that we may give you our suggestions as 
to the right metal. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York 5, N. Y. 


Inco Nickel Alloys 


MONEL® « “’R”’@ MONEL « “’K’@® MONEL + “KR’’® MONEL 
“S""® MONEL « INCONEL® «+ INCONEL “X"® 

INCONEL “W’® « INCOLOY® + NIMONIC® ALLOYS 
NICKEL » LOW CARBON NICKEL + DURANICKEL® 


329 




































































applications 


unlimited! 
Rol NEW COLOR TELEVISION CAMERA 


gives Camloc fasteners another 


chance to prove their versatility 


Camloc quarter-turn fasteners belong 
wherever panels or doors are designed for 
speedy access. On this intricate color camera, 
as well as the many other applications 

where Camloc fasteners are employed, 

they mean quick engagement, firm 


grip and quick release. 
Write for our illustrated brochure 
containing descriptive information on the 


basic Camloc fastener line. 


<amLo 


FASTENER CORPORATION 


53 Spring Valley Road, Paramus, N. J. 
WEST COAST OFFICE: 5410 WILSHIRE BLVD., LOS ANGELES, CAL. 
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to-grid spacing, acd a snubbing tab 
on top of the cathode to reduce effects 
of resonant vibration. Improvements 
in the electrical design include larger 
cathode areas to reduce current den- 
sity, larger anode areas to reduce 
overheating, gold plated molybdenum 
grid wires to reduce grid emission, and 
extra getter for improved vacuum. 
Also,. improved exhaust and aging 
processing for outgassing electrodes, 
and 45-hr aging under vibration to 
stabilize characteristics. 

The high temperatures (above 1000 
I’) required to mold Nonex glass pre- 
sented a special problem in that con- 
ventional lead-in wires melted before 
they could be sealed into the base 
of the tube. Tungsten was then used 
for this purpose because of its high 
temperature properties and because its 
expansion rate closely matched that 
of Nonex glass. The tungsten was gold 
plated to prevent oxidation and to 
provide good contact with the socket. 

Repetitive shock tests were made to 
determine the capabilities of the new 
tube. The conditions were a repetition 
rate of about 18 shocks per second 
and an acceleration of about 200 g. 
The 6094 tubes withstand these con- 
ditions for 200 hr with only slight 
dropping off in the electrical charac- 
teristics. As compared with this, con- 
ventional tubes failed completely after 
10 to 20 hr. This 200-hr test is said 
to be equivalent to about 5000 hr of 
actual flight conditions. Ee 


Costs of Automatic 
and Conventional 
Production Compared 


A DETERMINATION of the costs of 


“manually and mechanically producing 


an item of electronic equiment rede- 
signed according to the Modular De- 
sign of Electronics (MDE) | has 
recently been completed for the Na- 
tional Bureau of Standards.! The 
analysis was made by Mead Carney 
and Company, Inc., management con- 
sultants, at the request of the Navy 
Bureau of Aeronautics, sponsors of 
Project Tinkertoy.2, The report has 
concluded, in part, that electronic 
equipment designed according to the 
Modular Design of Electronics can be 
more cheaply manufactured than con- 
ventionally designed equipment pro- 


1. This report, complete with tables and curves, 
is availabie as Volume V of a series of reports on 
MPE and MDE. Volume V, ‘‘Project Tinkertoy Man- 
ufacturing Cost Determination’’ PB 111315, may be 
purchased from the Office of Technical Services, De- 
partment of Commerce, Washington 25, D. C. Price: 
$4.00. 

2. The Navy Department has recently announced 
that the name PROJECT TINKERTOY will no longer 
be employed to describe this program. Rather, Mo- 
dular Design of Electronics (MDE) and Mechanized 
Production of Electronics (MPE) will be used. 
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Volume 


Production? 


get it here—in plastics 


PLASTICS DIVISION 


molded by General American 










Plastics Division 


Manufacturers who had never 
considered using plastics for parts 
or products are getting results 
they’ve always wanted at General 
American’s big plants! 


Big Volume Production-fast, 
at low cost, with color, fine finish 
and difficult designs molded in. 
These products are produced on 
batteries of injection presses 
ranging up to 300 ounces, com- 
pression presses up to 2,000 tons, 
and a variety of sizes of reinforced 
plastics presses. 


New Ideas, New Products, 
New Sales Appeal take shape 
when General American’s start- 
to-finish facilities join your team. 
Experienced men and equipment 
unmatched anywhere will work with 
you on every phase of production. 


Talk over your requirements and 
ideas with a General American 
engineer. 


More than 10,000 
large refrigerator | 
inner-door panels ' 

can be molded ; 
every day on this 


” battery of“ 


GENERAL.AMERICAN TRANSPORTATION CORPORATION 
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Hubbell Interlock’s latest development, the 
sub-miniature Type “C’’ Connector, featur- 
ing low contact resistance, automatic lock- 
ing — quick disconnect wiring, found im- 
mediate application to another recent ad- 
vancement in the electronic field — the 
“printed” circuit. The tiny connectors met 
every requirement for wiring the illustrated 
rotary switch plate circuit manufactured 
by Photocircuits, Inc. of Glen Cove, N.Y. 
Their automatic locking — quick disconnect 
feature eliminated difficult soldering and 
made possible fast, easy wiring mainte- 
nance. The exclusive Hubbell Interlock mech- 
anism assured a_ vibration-proof, constant 
low contact resistance. 

For Difficult Wiring Problems Requiring Sub- 
Miniature Connectors, Our Development 
Laboratory Will Cooperate With Your En- 
gineers To Adapt Interlock For Your Specific 
Applications. 





























Made for each other! Hub- 
bell Interlock’s sub-miniature 
connectors make wiring of 
printed circuits fast and safe. 
Note how Interlock Type “C” 
Connectors pass through set-in eyelets 
from back and lock automatically on 
opposite side. Eyelets manufactured by 
United Shoe Machinery Corp. Eyelet 
setting machines are available. 


== 
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Hubbell Interlock sub-miniature Type 












For Further Information, Write Dept. E: 


“C” Connector. Simplicity of design is eon} 
the key to its constant low contact HARVEY HUBBELL, INC. ODL 


installation. 3 


Interlock Dept., Bridgeport 2, Conn. 


resistance and ease of 





JELLIFF 
[A\(LLOY 8@@ RESISTANCE WIRE 


for miniaturized precision-instrument components 


the ideal resistance wire for 


fixed and variable resistors of high ohmage — resistance 
boxes and bridges — voltmeter and wattmeter multipliers 
— and other miniature wire-wound units. 


Where space is at a premium and performance is a 
“*must’’ — these outstanding qualities of Jelliff Alloy 800 
will assure that your products conform to the tightest specs. 


















High resistivity, 800 ohms/emf — Low Temperature Co- 
efficient, +20 ppm per °C—Non-Magnetic—Highly Stable 
Electrically and Mechanically — Diameters from 0.0009” 
to 0.0056” Bare, enameled or oxidized, or insulated 
with silk, Nylon or cotton — Solders and Winds easily. 
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duced by existing techniques. Based 
on survey projections for the particu- 
lar piece of equipment studied, the 
manufacturing cost reductions amount 
to 44 per cent for Mechanized Pro- 
duction of Electronics (MPE), and 
38.5 per cent for MDE-hand fabrica- 
tion. 


The Modular Design of Electronics 
is based on a standard building block, 
% in. square, notched ceramic wafer. 
Electronie components, such as resist- 
Ors, capacitors repetitive circuit ele- 
ments, and tube sockets are made 
integral with the ceramic building 
block. These are assembled in sky- 
scraper fashion to form a_ standard 
module that carries the elements for 
one or more electronic stages. De- 
vising circuit kayouts by MDE in- 
volves planning in three dimensions 
rather than the conventional two- 
dimensional approach heretofore 
employed. The concept of mounting 
the electronic components such as 
adhesive tape resistor, titanate capa- 
citors, and other miniaturized parts 
on a standard, uniform block or wafer 
and assembling four, six, or more 
wafers into a module is readily adapt- 
able to automatic machine methods. 


Non-Critical Materials Used 


The system of Mechanized Produc- 
tion of Electronics largely utilizes non- 
critical raw materials. Ceramic wafers, 
titanate capacitors, and adhesive tape 
resistors are produced directly in 
quantity from raw ingredients. These 
and other basic electronic parts are 
fed into a mechanized assembly line 
composed of 20 separate machines. 
Here, machines provided with sets of 
steel stencil screens upon which the 
circuit configurations have been 
etched, print electrodes, lead connec- 
tions, and other circuitry on both 
surfaces of the wafers and capacitors. 
Other machines automatically place 
as many as four tape resistors on a 
wafer and assemble tube sockets. 
Finally, a machine collects all of the 
component-mounted wafers and auto- 
matically assembles them into a com- 
pleted module. Throughout the as- 
sembly line, automatic, 100 per cent 
inspections are performed on all MPE 
component parts. 


In conducting the manufacturing 
cost determination, Mead Carney and 
Company established the following 
objectives: 1. Determine the cost of 
manufacturing a specific item of elec- 
tronic equipment by MDE (model 
shop techniques) and MPE (mechani- 
zation), as adapted and projected to 
conventional production practices. 2. 
Compare these costs with the cost of 
manufacturing a similar item by con- 
ventional methods and practices. The 
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In many applications where you might usually use a rheostat, 
investigate Powerstat variable transformer to do a better job — and you 
can get a Powerstat for as little as $8.50. 


You'll find Powerstats are superior. Their dimensional and physical 
characteristics make them easier to “‘design into”’ a product. 
Their conservative ratings, smooth operation and long 

life make them a “plus”’ feature of value. 


For the best in continuously-adjustable voltage 
control use variable transformers. For the best in 
variable transformers always specify POWERSTATS. 


Be sure to see Superior Reena eS eene ann eE 


an eeenoery THE SUPERIOR ELECTRIC CO 
when it is in " ° 
yew | ee easton mene, ee alin 


THE 1 Please send complete literature on Powerstat variable 
transformers. 
PON 6 5 0:06 0.0.0: 6.660 6:00:006 6.6 006.006.0666 060 SOE DER See OER COSEROSESECe Se teRntesieSEED 
COM PANY PRN 6 ao 25 sini 66 his ib0 b00b 66 60 68ed re daee vUeeseeess 6sésswnriaeesaumheeees 


1305 CLARKE AVENUE, BRISTOL, CONN. 


Manufacturers of: Powerstat Variable Transformers * Stabiline Automatic 
Voltage Regulators * Voltbox A-C Power Supplies * Powerstat Light Dimming 


Equipment « Varicell D-C Power Supplies * Superior 5- Way Binding Posts i ee 
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@ You can choose from a com- 
plete standard line of Powerstat 
variable transformers. Units are 
offered in manvally-operated and 
motor-driven assemblies for 120, 
240 and 480 volt duty in capaci- 
ties from 150 VA to 100 KVA. 







































Multiple Reprints 
at Quantity Prices 

























e For each of the six design compendiums now 
available (see reviews on page 251) the supply 
now on hand is sufficient to fill modest quantity 
orders. Since handling expense is a_ relatively 
large cost element, grouping of orders makes 
possible substantial savings per copy. To further 
reduce cost, accounting and invoicing operations 
involved in open-account billing are eliminated by 


requesting remittance with order. 
Prices per copy given in the table below are for 


single shipments in the quantities shown on orders 


accompanied by remittance. 


Quantity per shipment 












Title = - 2s 
Magnetic Amplifiers 2.00 135 1.10 
Servo System Design 2.50 150 1.25 
Engineering Testing 2.50 150 1.25 
Plastics, Dielectrics 3.00 1.75 1.50 
Electro-Hydraulic Control 150 1.00 0.85 
Automatic Production 2.00 1.35 1.10 







Special Package—One of 
each of above titles 


10.00 









Send orders with remittance (including 3 per 
cent sales tax for New York City deliveries) to 











J. A. Campbell 


Director of Reader Service 







The Gage Publishing Company 
1250 Sixth Ave., New York 20 


















Prices given above include shipping charges. 





Be sure to enclose address to which shipment is 






to go; make checks payable to The Gage Publish- 





ing Company. Orders at these prices can be filled 






only when payment accompanies the order. 
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scope of the survey was not to include 
a technical evaluation of the processes. 

The manufacturing techniques ob- 
served during the survey were of a 
pilot plant and/or model shop nature, 
Little production experience and data 
were available to draw on; _particu- 
larly of the machine processing opera- 
tions. Consequently, the cost figures 
for machine processing were neces- 
sarily based largely on estimates for 
net machine yields, and are subject 
to revision as operating experience 
is gained. The cost figures for MDE 
hand processing are based largely on 
time studies of operations. They are, 
therefore, less subject to revision with 
the accumulation of production expe- 
rience, except as necessitated by meth- 
ods improvements. 

Initially, the MDE-hand and MPE 
processes were analyzed to determine 
flow and to delineate the individual 
steps so that each stage in the hand 
processes would be compared with 
the machine processes. Although these 
stages are substantially the same, 
certain steps are used in one and are 
not used in the other. In selecting 
an item of electronic equipment for 
use as a vehicle for the cost compati- 
son, the following criteria were con- 
sidered: 1. The item must have been 
produced by both conventional meth- 
ods and by MDE and/or MPE. 2. It 
should consist largely of MDE com- 
ponents so as not to mask the eco- 
nomic effects of the application of 
MDE and MPE to manufacture. 3. 
Manufacturing costs must be obtain- 
able for the conventionally produced 
version of the item. The item selected 
on these bases an intermediate 
frequency amplifier similar to inter- 
changeable subassemblies incorporated 
into a variety of complete electronic 


was 


assemblies. 


Only Manufacturing Costs Used 


The major cost elements normally 
composing a sales price include profit, 
sales and administrative expense, and 
manufacturing costs. However, it was 
decided that an adequate comparison 
could be made by using only the 
manufacturing costs in this determina- 
tion. These were further divided into 
costs of materials, direct labor, and 
manufacturing overhead. Manufactur- 
ing overhead included charges for in- 
direct labor, machine, equipment and 
tool expenses, occupancy expense, and 
miscellaneous expenses. 

In determining material costs, all 
parts and materials used in the MDE 
MPE i-f amplifier were considered to 
be purchased items. These included 
cables, cover assembly, coils, silver 
paint, shields, tubes, wafers, tube 
sockets, resistor tape and wire. The 
direct labor costs were based on a 
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IS WHERE WE CAN STOP 
YOUR GALLOPING ENERGY 


n- If your design—your product—or your project—is endangered by vibration 
“a or uncontrolled impact, we can adapt our principle of oil-air shock absorbing 
to remove the unwanted force. 


» Whether you want to control the accelerating effect of multiple bounces which 
begin to coincide; or the landing of tons at high velocity; or continuous 
me vibration—this is the realm for our impact-absorbing engineers. 


The principle is applied now in every American aircraft landing gear. It 
has made Cleveland Pneumatic the world’s largest manufacturer of aircraft 
shock absorbers. 


Size doesn’t matter. We can engineer shock absorbing, ton-size or pound- 
| size, stopped to precise industrial tolerances. 

Our free booklet gives enough description of our equipment and applica- 
nd tions to show why we have become the world’s largest engineers of this 
| principle. Write for it. 


on 


nd To MOVE with less EFFORT 
7 CLEVELAND pens oe Ce aoe 


nd > Ni EUMATIC Combining the screw with balls 


enables. 
Cleveland Pneumatic’s patented ball- 





TOOL COMPANY screw actuator to drive with as little as 
all 10% friction ... compared to as much as 
> DEPT. H-54 + CLEVELAND 5, OHIO Se Sir seinnry sere, Oven Ss eee 
to BALL-SCREW ACTUATORS AIR-OIL SHOCK ABSORBERS space, lessen its dccaberieuianans takes on 


its control accuracy and provide metal- 
to-metal positioning. Work out your 
rer ideas with our engineers. 





a WORLD'S LARGEST MANUFACTURER OF AIRCRAFT LANDING GEARS 
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QUELARC 


The Circuit 

Breaking Plugs 

and Receptacles 
... Ratings Up to 


200 AMPERE 








The exclusive QuelAre con. 
struction provides exceptional 
protection to contacts, for safe 
use as current rupturing de- 
vices. Unique partitioned insu. 
lation provides extra long dis- 
tance between contacts and be- 
tween contacts and ground, In. 
sulating chambers completely 
enclose all contacts and form 
an arc-trapping space, Galvan. 
ized cast metal housings, bake- 
lite insulation and individually 
renewable contacts insure long 
service life. 

QuelAre plugs and recepta- 
cles are available in a complete 
range of styles, 2, 3 and 4 
pole types—grounded through 
shell or extra pole. Housings 
with threaded cap, plain cap or 
hinged spring door. Ratings 
20, 30, 60, 100 and 200 am. 
peres, 250 volts DC, 600 volts 
AC. Consult your Pylet Cata- 
log 1100, Bul. 1140-2 for com. 
plete listings. 





CONDUIT FITTINGS ¢ FLOODLIGHTS 


THE 
PYLE-NATIONAL 
COM PANY 


1388 N. Kostner Ave., Chicago 51, Ill. 
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equipment requirements were based 





2-shift, 8-hour shift, 5-day week. The 


on use of new machinery, realistic 
machine delay time, and satisfactory 
production line balance. After estab- | 
lishing the equipment requirements, 
estimates were prepared for the num- 
ber and skills of the operators needed, 
based on general industrial practice 
with similar equipments. The same 
type of analysis was performed for the 
equipment and labor involved in the | 
production of the piece of equipment 
by model-shop techniques. In these 





respects, an output of 405 5-wafer | 
modules by machines (MPE) was | 


compared to a 400 module-per-hour | 
output by MDE hand processing. 


| Manufacturing Costs Compared 


| follows: 


| item. 


Manufacturing costs for the con- | 
ventional i-f amplifier were obtained | 


from a Navy contractor who had pro- 
duced a considerable quantity of the 
These costs, together with 
similar costs for MDE hand processing 
and MPE, are tabulated below. 


Conven- MDE- MDE 
tional Hand 
| Materials $35.85 $20.56 $20.56 
| Direct 
labor 5.60 5.99 2.83 
Manufac- 
turing 
overhead 5.44 2.27 2.86 
Totals $46.89 $28.82 $26.25 
The significant conclusions reached 


by the management consultants are as 
Substantial reductions in 
electronic manufacturing costs appear 
to be possible through the use of 
either the Mechanized Production of 
Electronics or the hand processing of 
the Modular Design of Electronics, as 
compared with conventional manufac- 
turing methods. Based on the survey 
projections, the manufacturing cost 
reductions amount to 44 per cent for 
MPE process, and 38.5 per cent for 
the MDE-hand process. 
Manufacturing costs for MPE oper- 
ations are lower than the hand proc- 
esses in 13 of the 20 process steps, 
or groups of steps, delineated for this 
survey. A manufacturing cost lowered 


| by 8.9 per cent is indicated for a 


complete i-f amplifier manufactured 
by MPE as compared to MDE-hand 
methods. 

The substitution of lower-cost hand 


process steps, where appropriate, 


would result in a lower total manu- 


facturing cost for the i-f amplifier than 
the present projected machine process 


| total cost. 


An investment of about $665,000 


is required to create a facility to pro- | 


duce 405 modules per hr by machines 
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BT INSULATED 


COMPOSITION RESISTORS 
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a 


BW LOW WATTAGE 
WIRE WOUND RESISTORS 


meee ‘ 
NEW, MBC MOLDED 
BORON-CARBON PRECISTORS 


NEW IRC 
INDUSTRIAL SERVICE PLAN 


Independent IRC Electronic 
Parts Distributors can now give 
you the benefit of fast, local serv- 
ice on a greater share of your 
requirements. IRC’s Distributor 
policies and prices have been ad- 
justed to provide for larger quan- 
tities; certified quality; and new, 
insulated, close-tolerance resistors. 


BONDED STOCK PROTECTION 


Types BT and BW Resistors in 
quantities of 500 and over, and 
Type MBC in quantities of 100 
and over are supplied by Dis- 
‘ tributors in FAcTorRY-SEALED 
Boxes. Sealing tape bears IRC’s 
certification of the contents. 
Resistor type, wattage, value and 
tolerance are clearly identified. 
Applicable JAN or MIL Speci- 
fications are shown. You are 
assured fresh resistors, depend- 
able quality and adherence to 
specifications. 


LOCAL PROCUREMENT saves you 
delivery and shipping 
charges. Your nearby IRC Dis- 
tributor is well qualified to serve 
you. Call him and he'll prove it. 








time 


INTERNATIONAL RESISTANCE CO. 
| 409 N. Broad St., Philadelphia 8, Pa. 


In Canada: 
International Resistance Co., Ltd., Toronto, Licensee 
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‘just another die casting’... 
| or is it? 


@ We think there is more to it than meets the eye 


$I 


In 44 years, we have produced many very difficult and unusual 
die castings here at Stewart. However, this is not one of them. 
Though it includes 3 inserts, this is the “garden variety’—the 
kind we turn out every day. But to us, no job seems ordinary, 
| because we try to do each one a little better than the last. What- 
ever type of die castings you need—small or large, simple or in- 
tricate— with or without inserts—count on Stewart to meet your 
most rigid specifications . . . on time. 


SERVICES AVAILABLE... 
Designing ° Engineering ¢ Die Making 


Metallurgical Control « Most Modern Die Casting Equipment * Complete 
Machining, Polishing and Assembly Facilities. | 
44 years of helping industry to “Make It Better” 


pees a 


| DIE CASTING ...a division of 
Z 2 


CHICAGO, ILLINOIS, 4535 FULLERTON AVENUE + BRIDGEPORT, CONNECTICUT, 275 WARREN STREET 
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No. 564 


BLUE METAL COATING 


is an improved rust preventative that provides lasting 


@® 


\ 


~ 








protection for metal surfaces. With an application of 
No. 564 Blue Metal Coating you can safely ship or store 
your units without fear of corrosion. It can be used on 
castings, shafts, motor armature laminations and any 


exposed metal surfaces. 


No. 564 can be applied by brushing, spraying or dipping. 





lt air drys in 15 minutes. The film produced is thin enough 


to permit using with close air gap tolerances. 


Write today for full information and a sample of No. 564 





Blue Metal Coating, and test it on your own equipment. 









Mailaditig bewuvithes- 
GEORGE C. BORTHIG CO., INC. 


a - EAST RUTHERFORD 3, NEW JERSEY, P.O. Box 115 
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whereas $82,000 is needed to estab- 
lish a hand process facility to produce 
400 modules per hr. However, the dif- 
ference in machine investment would 
be repaid from manufacturing cost 
savings within less than 17 months of 
operations at full capacity. 

The Mechanized Production of 
Electronics uses fewer labor hours per 
unit produced than does the MDE 
hand process, but requires a larger 
proportion of higher skilled personnel. 

Little, if any, manufacturing cost 
reduction would result solely from an 
increase in size of the projected MPE 
or MDE-hand process facilities. (Some 
reduction in material costs might be 
expected from larger purchase order 
quantities. ) 

Significant reductions may be 
achieved in the costs of the present 
MDE hand process through methods 
improvements in several of the process 
steps. Significant reductions in the 
present MPE process costs would re- 
sult from increases in equipment cyclic 
rates and reductions in machine delay 
time, percentages of rejects, equip- 
ment costs, numbers and skills of 
operators, and equipment mainte- 
nance costs. O00 


Dream Office of the Future 
Envisioned by RCA Man 


THE BUSINESS OFFICE of the future 
may be equipped with an array of 
electronic devices that handle all 
statistical, accounting and bookkeep- 
ing functions almost instantly, provide 
televised inter-office communication 
and create a far more comfortable 
working environment than any now 


‘in existence, according to Dr. Charles 


B. Jolliffe, vice president and_tech- 
nical director of the Radio Corpora 
tion of America. He told the Michigan 
Society of Professional Engineers at 
their annual state convention that a 
description of the “dream” office of 
the future illustrates the advances be- 
ing made in electronics. 

Dr. Jolliffe said that electronics has 
almost unlimited power to duplicate 
and amplify man’s senses and_ to 
match, as well as sometimes outdo, 
many of his abilities. Electronic de- 
vices can hear, see, feel, measure and 
control; sort, count, compute and cal- 
culate. They can memorize facts and 
information and, upon demand, recall 
them for useful purposes. 

On this basis, Dr. Jolliffe outlined 
the electronic elements that may be 
functioning in the office of the future, 
emphasizing that the picture was 
fantasy only from the economic stand- 
point, since technically it is all pos- 
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This is another Veeder-Root ‘“‘first’’ 
... the latest of one of hundreds of 
standard and special Veeder-Root 
Counters for every mechanical and 
electrical application. What do you 
want to count? Write: 





Everyone Can Count on 


EEDER-ROOT 





ANOTHER NEW VEEDER-ROOT “FIRST” 
New Vary-Tally Multiple-Unit 
Reset Counter gives you quick 
finger-tip count of anything count- 
able. Comes in any combination 
up to 6 banks high, and 12 units 
wide (minimum of 2 units wide). 
Write for news sheet and prices. 


VEEDER-ROOT INCORPORATED . HARTFORD 2, CONNECTICUT 





1954 


Chicago 6, Ill. + New York 19,N.Y. + Greenville, S.C. 
Montreal 2, Canada + Dundee, Scotland 
Offices and Agents in Principal Cities 


‘The Name that Counts’’ 
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Ground-testing electronic equipment 


keeps ‘em safe in the sky 





Ground Power Supplied 


by Hobart electric generators 


Controlled 
by Regohm 
Voltage Regulators 











To insure reliable flight performance, 
electronic equipment—radio, radar and 
navigational devices—is tested on the 
ground with power supplied by 
Regohm- controlled generators. 

Engineers of The Hobart Brothers 
Company, Troy, Ohio, use Regohm 
regulators for their alternating current 
ground units. Because this low-cost, 
compact electro-mechanical controller 
is unequalled in accuracy. And under 
severe operating conditions, whether 
on land, sea or air, Regohm has per- 
formed long and unfailingly. 


7 Reasons why Regohm can simplify 
your control problem 


1. Regohm is small in size—It is compact, 
lightweight, position-free. Small size 
does not limit power-handling capacity. 
2. Regohm is a high-gain power amplifier 
—Milliwatt variations in signal energy 
control energy changes millions of 
times greater. 


3. Regohm’s isolated signal and control cir- 
cuits end impedance matching problems— 
Signal coils may have ratings from 0.01 
to 350 amperes. ‘Controlled resistors can 
have values from zero to infinity. 


4. Regohm will correct system instability— 
A reliable, sturdy dashpot aids system 
damping. It’s easily adjusted over a 
wide range to match dynamic Regohm 
characteristics to present system. 


5. Regohm’s effect can be calculated in ad- 
vance—Its response is independent of 
rest of servo system. Acts as integrat- 
ing error-rate proportional controller. 


6. Regohm assures continuous control—In 
closed loop” systems a high speed 
averaging effect occurs as Regohm’s 
armature oscillates over a small ampli- 
tude. This provides continuous, step- 
less control in systems operating at 
power frequencies and below. 
7. Regohm has long life—Its life is meas- 
ured in years. Its plug-in feature sim- 
plifies replacement and maintenance; 
there are no parts to renew or lubri- 
cate. Shelf life is virtually unlimited. 
Our engineering and research facil- 
ities can help you apply Regohm to 
your control system or regulation 
problem. Write for Bulletin 505 00, ana- 
lyzing Regohbm’s characteristics and 
applications. Address Dept. L., Electric 
Regulator Corp., Norwalk, Conn. 


—— CONTROL COMPONENT IN: Servo systems + battery 





chergers * airborne controls « portable and station- 
ary generators + marine radar « inverters « locomo- 
tive braking systems + mobile telephones + guidéd 
missiles * signal and alarm systems + telephone 
central station equipment + magnetic clutches « rail- 
road communication systems *« magnet amplifiers. 
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sible based on present knowledge. The 
commercial and industrial uses that 
lie ahead for electronic business ma- 
chines based on today’s complex 
computers already are becoming 
evident. 

In the imaginary office of the 
future, electronic business machines 
may maintain complicated stock rec- 
ords, prepare statements, handle debit 
and credit accounts. The accounting 


| center would be staffed with special- 


ists who feed in the information and 
take out the results, which are trans- 
mitted instantly and automatically by 
means of rapid facsimile or television. 
The administrative headquarters of 
a business with a number of branches 
would be the center of a highly effi- 
cient private communications system 
including access to a complete radio- 
telephone, facsimile and_ television 
system linking the various units and 
key personnel throughout the com- 
pany and in the field. All executive 
desks would be equipped with small 
television cameras and receivers to 
form a closed circuit inter-office 
visual communications system for in- 
dividual and conference discussion. 


The physical surroundings of the 
office also would be affected by elec- 
tronic developments with electronic 
sound-absorbers dampening heavy 
noises in the low-frequency range, and 
with conventional lighting fixtures re- 
placed by phosphor coated walls that 
glow under ultraviolet rays 


Although this picture of the future 
is fantasy, he said, such speculation 
is hard to avoid in looking to the 
future in electronics because of 
known limits to technical develop- 
ments in electronics. OO0 


Preview Electrical Exhibits 


British Industries Fair 


John Rigg 
English Industrial Journalist 


ELECTRICALLY energized exhibits to be 
shown at the British Industries Fair 
(London and Birmingham, May 3 to 
14) cover a wide range of communi- 
cations, industrial and home equip- 
ment. Here are some highlights: 

Among heavier electrically powered 
machines will be a 4.5-cu ft capacity 
mixer for concrete, mortar, or plaster 
which is designed to operate from any 
power supply. It can be wheeled and 
tipped as easily as a wheelbarrow. It 
uses a ¥3-hp totally enclosed capacitor- 
start a-c motor, continuously rated. 
Power consumption is less than %% 
kwh. 

A metallizing spray gun, designed 
for operating on a tool post, is pow- 
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| The assembler inserts the 
. UNBRAKO button head socket 
y : screw with his fingers, and 
a runs it down as far as 
f he can. 
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He then tightens it with a 
le standard UNsRAKO key. 
” Once seated, the low head 
ic design of the UNBRAKO but- 
bd ton head provides a smooth, 
d streamlined appearance. 
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1e 
10 
p- 
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UnsRAKO button head socket screws are used exclusively to assemble this controlled volume 
pump, which was designed to fill the growing industrial need for the pumping of an allotted quantity 
of liquid at higher pressures, higher capacities. 





Save inventory dollars 


i 3 UNBRAKO Button Head Socket 
e | Use Unprako Standards—stocked by your distributor Screws are made of heat 
ir treated alloy steel; have 
to fully formed threads, Class 
t Not only does your UNBRAKO distributor lower inventory investment, he 3 fit; are available in 
p- also saves you time—and provides latest information about products, cost- vandaag snes. frame Sip 
. ‘ : : 3¥''. Accurate hex socket 
d saving methods, production techniques, current problems, trade practices. provides nonslip drive, pre- 
” For latest data on UNBRAKO standard socket screw products, consult him vents marring or mutilation 
er or write STANDARD PRESSED STEEL CoMPANY, Jenkintown 9, Pennsylvania. of the head. 
Ly 
id 
It 
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UNBRARO socker screw bivision $ 
SO 


Self-Locking Flat Head Shoulder Dowel Knurled Head 
JENKINTOWN 


Set Screw Cap Screw Screw Pin Cap Screw 
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MAXIMUM STABILITY 


Where constants depend on 
unvarying capacity 










Precision 
Circuitry in: 


U.H.F. Components 

Wave Shaping and 
Pulsating Circuits 

RC Circuits 

Countless Other Elec- 
tronic and Indus- ’ 
trial Uses 1, 8 Insulation resistance 


Ma. at +75° C.: 78,000 


mezohm microfarads 


Outstanding 
Operating Characteristics 


Insulation resistance 
at +20° C. after three / 
minutes charge: 900,- 

000 megohm_  micro- 

farads 


Industrial Condenser Corp. can design, en- 
: : : Insulation resistance 
gineer, or, in most cases, meet your capacitor at —75° C.: In ex- 
i ; cess of one million 
requirements directly from stock. Send now canis “aianilieniiie 
for Catalog 1117. Complete with perform- 
ance curves, characteristics and suggested 
applications, this valuable booklet should be 


in your file for instant reference. 


Change in capaci- 

\/tance from +25° C. 
to —80° C.: +0.76% 
Self time constant 
of 10 mfd. capacitor: 
4800 hours 




















Q at 50 kilocycles: 
10,000 


INDUSTRIAL 


CORPORATION Sec 


Power Factor at | kc: 
0.00025 





3245 N. CALIFORNIA AVE CHICAGO 18, ILLINOIS 
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ered by a '%4-hp, totally enclosed, dust- 
proof motor. Standard units are made 
for 440-volt, 3-phase, 50-cycle rating, 
but other ratings can be supplied. 

One company which elaims to be 
the first in Britain to have manufac- 
tured electric trucks will be showing 
examples from its range of 1-, 2-, and 
4-ton capacity trucks with fixed or 
elevating platforms; also tiering trucks, 
crane trucks, tipping trucks, electric 
tractors, and electric-hydraulic fork 
trucks. Most widely used of the plat- 
form trucks are those of 2-ton ca- 
pacity. Their driving motors are series 
wound, totally enclosed, develop 2% 
hp at 1350 rpm and are rigidly mount- 
ed on the truck’s cast steel axle hous- 
ing. 

Standard centrifugal fans with 
multivane impellers shown by one 
manufacturer will be in a range of 
17 different sizes. These are used for 
general ventilation, induced and forc- 
ed draft, mine ventilation, dealing 
with blast furnace and other gases, 
for ships’ ventilation, and for fine 
dust, steam and fume removal. Special 
centrifugal fans have also been made 
for handling relatively clean gases at 
reasonably high temperatures of up to 
some 700 F. 

Other electrically energized fans 
shown by the same company will in 
clude paddle-wheel type fans in 13 
sizes for moving finely divided ma- 
terial such as sawdust, grain or textile 
fibers; with a reinforced impeller. 
wood chips; and again,.with extra 
robust construction, the pneumatic 
conveying of pulverized fuel. 

Bifurcated fans, so built that the 
motor is isolated from harmful gas 
flow in the duct, will also be exhibited. 
In these fans the casing is split and 
opened out so that it forms a separate 


chamber for housing the motor. 


Immersion Type Vibrator 


An immersion type vibrator for con 
crete works on a frequency of 10,000 
vibrations a minute, an amplitude ot 
about 1/16 in. and an acceleration of 
150 g, and is powered by a 3-hp 
totally enclosed squirrel-cage motor. 

The same company’s combined 
evader and conveyor which can accept 
and feed material at 300 cu yd an 
hour and deliver up to a height of 
30 ft is operated by a 6-hp, 1500 
rpm, totally enclosed squirrel-cage 
motor complete with direct-on-line 
push-button starter. 

Among generating equipment will 
be. a 45-kw unit totally enclosed for 
oil field service. With it there will be 
shown by the same manufacturer dual 
automatic equipment designed for use 
in conjunction with radio telephones 
in isolated areas where mains elec- 
tricity is not available. This equip- 
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You can design specific transmission — 


diffusion —color 


in lighting fixture components made of 


“BVEN©GLO” polystyrene 


®@ You get the exact lighting intensity 
and spread you need with “Evenglo” 
polystyrene by Koppers. Compon- 
ents made from Koppers economical 
plastic can be engineered to meet 
your specifications for transmission, 
diffusion and color. Once you have 
selected the exact “Evenglo” formu- 
lation you need, uniform lighting and 


tm, 
KOPPERS 
WwW 







St. Vincent College, Latrobe, Pa. 
Fixtures: ““McKinley’’ Luminaire, Pittsburgh Reflector Co. 
Molder: Southern Plastics Company, Columbia, South Carolina. 


appearance are assured. 

“Evenglo” polystyrene is light- 
weight and easy to clean. It can be 
milled, drilled and tapped to meet 
your most exact fabricating require- 
ments. And, it holds its shape—so 


a 





that long rows of fixtures look neat 
and trim. 

Koppers engineers will be glad to 
assist you in selecting the specific 
‘“Evenglo” formulation you need. For 
more information write us today. 


Koppers Plastics Make Many Products Better and Many Better Products Possible. 


® KOPPERS COMPANY, INC., Chemical Division, Dept.EM-54,Pittsburgh 19, Pennsylvania 


SALES OFFICES: NEW YORK 


MAY 1954 


BOSTON + PHILADELPHIA - 


ATLANTA 


+ CHICAGO - 


DETROIT - LOS ANGELES 
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ALL EYES... You'll be this way at the National pLastics 
EXPOSITION. New applications, new equipment, new materials. 
All on display at Cleveland, June 7-10. Don’t miss latest devel- 
opments in your field. Send for tickets now. Please 
make request on your company letterhead. (Sorry, 
no general public admissions. ) 





as gry, 


NATIONAL PLASTICS EXPOSITION 


sponsored by 
THE SOCIETY OF THE PLASTICS INDUSTRY, 67 W. 44TH ST., NEW YORK, N. Y 

















AZ 
THE GRE EQUATION 


FOR MAKING YOUR SMALL 
ASSEMBLIES IN ONE PIECE 








Add parts and operations and you chances are that Gries engineers 
add cost . . . GRC reduces can show you how to simplify— 
operations, makes small parts in and save. 

ONE low-cost die casting. Gries Fast delivery of 100,000 complete- 


methods speed production, pre- 
vent waste, offer design improve- 
ment. If you use small parts, 








ly finished small parts — to many 
millions. Write today for bul'etin 


and samples. Send specifications 
SMALLNESS UNLIMITED for prompt estimates. 


Mox. Wt. Y oz. 
Max. Loth. 134” 


@ 












World’s Foremost Producer of Small Die Castings 


GRIES REPRODUCER CORP. 


149 Beechwood Avenue, New Rochelle, N. Y. 
Phone: NEw Rochelle 3-8600 
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ment, with an output of 6.25 kva is 
fitted with an air-cooled engine and 
is designed for 750 hr unattended 
operation, the second set cutting in 
automatically on failure of the first. 
Where mains electricity is available 
these units can also be supplied as 
single machines which cut in auto- 
matically on the failure of the mains. 

Compressed air equipment on show 
will include two stationary types, one 
water and one air-cooled. The former, 
with a maximum free air delivery of 
300 cu ft/min, is motor driven by 
V-belts and, although water cooled, 
is independent of a water supply. Nor 
are cooling tanks required since it 
has a built-in heat exchanger through 
which the water is circulated after 
passing through the cylinder jackets. 
The air-cooled compressor has a free 
air delivery of 65 cfm at 960 rpm. 
It is direct-coupled to a motor and, as 
both compressor and motor are mount- 
ed with a receiver on a steel bed- 
frame, a compact and self-contained 
unit results. 

One of the intriguing exhibits an- 
nounced for the Fair is an electric 
toothbrush, but no advance details 
have been released at this writing. 

Manufacturers whose products are 
mentioned above are as follows, all 
addresses are in England, except as 
noted: 

Mixer: George Fowell (Sales) Ltd., 
Birmingham 4; 
Metal-Spraying Guns Metallisation 
Ltd., Dudley, Worcestershire; 
Trucks; Ransome Sims and _ Jefferies 
Ltd., Ipswich; 
Fans: Keith Blackman Ltd., London 
N. 17; 
Immersion Vibrator: Hopper and Con- 
veyor: C. H. Johnson (Machinery) 
Ltd., Stockport, Cheshire; 
.Generating equipment: Auto Diesels 
Ltd., Uxbridge, Middlesex; 
Compressors: Holman Bros., Ltd., 
Camborne, Cornwall; 
Toothbrush: Savant Chemical Lab- 
oratories Ltd., Glasgow S. 1, Scotland. 
oe 


High-Wattage Water 
Heater Standard Proposed 


Usk OF A HIGH-WATTAGE electric 
water heater with a 40-gal storage 
tank that will produce 50 per cent 
more hot water in a 24-hr period than 
the NEMA standard-wattage heater 
with an 82-gal tank has been proposed 
by the General Electric Co. George 
T. Bogard, manager of utility sales 
for the Company’s Major Appliance 
Division, said such a heater could be 
priced competitively with the auto- 
matic gas heater and would satisfy 
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Designed for you... i 


Versatile, New 


Rotary Control 
Switch 


To meet the need of home and commercial air 
conditioning units for simple, automatic selec- 
tion, Mallory has developed a completely new 
switch design. This clean, simple switch design 
lends itself to a wide variety of multiple circuit 
switching applications. It embodies these impor- 
tant features: 


SINGLE KNOB ROTARY CONTROL—for utmost con- 
venience of user manipulation, and simplicity 
of product design and assembly. 


SMALL, COMPACT CONSTRUCTION—requires mini- 


mum space, needs no bulky mounting hardware. 


EXTREME FLEXIBILITY— five different cams, each 
controlling one circuit, and eight possible index 


positions. Hundreds of switching combinations 





can be devised. Extended shaft can be supplied 
for mechanical coupling to shutter control or 
other related mechanisms. 


AMPLE CAPACITY—easily handles 114 hp., 250- 
volt motors. 


SIDE-LOCATED SPADE TERMINALS — cut your assem- 
bly costs, and save valuable space. 


The new Mallory switch is competitively priced 
...may even cost less per circuit than the 
switch you’re now using. It incorporates the 
extensive engineering and product experience 
that we have gained in making millions of timers 
and switches for the appliance industry. For 
complete information, and for a detailed 
discussion of your specific needs, write or call 
Mallory today. 





Expect more ...Get more from MALLORY 


Serving Industry with These Products: 


Electromechanical—Resistors * Switches * Television Tuners * Vibrators 
Electrochemical—Capacitors * Rectifiers * Mercury Batteries 


Metallurgical— Contacts * Special Metals and Ceramics * Welding Materials 
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P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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Want to perk up your products’ appeal 7 


USE MODERN MATERIALS to make them 
better fitted for success in this new competi- 
tive period. 

Thousands of products that only recently 
seemed incapable of improvement are today 
more salable because their manufacturers 
found new ideas to express in Durez phe- 
nolic plastics. Notable instances are the 
newest Landers, Frary and Clark 8- and 10- 
cup coffee percolators with their handsome, 
clean-lined contrasts of metal and plastic. 

No materials lend themselves to many 
purposes more readily than Durez. Their 


catalog of properties includes outstanding 
resistance to heat, moisture, and chemicals. 
Electrical characteristics, easy moldability, 
and permanent lustrous finish are available 
for parts ranging from pea-size to single 
moldings of 35 pounds or more each. 

We'll gladly counsel with you or your 
custom molder in projects aimed at lower 
cost, simplified assembly, and new buy-ap- 
peal. Write .. . and ask for our monthly 
“Plastics News.” 

Durez Plastics & Chemicals, Inc., 1305 
Walck Road, North Tonawanda, N. Y. 






MOLDING COMPOUNDS. Structur- 
al, electrical, and chemical prop- 
erties in many combinations 
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PHENOLIC 
PLASTICS 


for the new 
Competitive Era 





RESINS FOR INDUSTRY. Bonding, 
Casting, coating, laminating, im- 
pregnating, and shel! molding 


ELECTRICAL 





the hot water demands of 95 per cent 
of the homes of today. Speaking at the 
annual sales conference of the Edison 
Electric Institute in Chicago in April, 
Bogard said that acceptance of the 
proposed heater would permit manu- 
facturers to produce one or two 
models and thus lower production 
costs through greater standardization. 

Bogard called for revision of pre- 
sent wattage limitations imposed by 
EEI-NEMA Standards to permit use 
of the high-wattage heater which has 
two 4500-watt interlocked elements. 
The high-wattage heater, he ex- 
plained, provides 112 watts per gal 
of tank capacity in comparison with 
only 20 and 30 watts per gal for the 
heaters in use today. 

Bogard said that such a heater, after 
a complete draw-off, would provide re- 
covery of enough hot water at 150 F 
temperature in 24 min to permit 
taking a shower or washing the dishes. 
In comparison, he added, a standard 
40-gal gas heater, after a complete 
draw-off, can deliver water at only 
99 F in 24 min. 

The GE executive said that the 
company had built a number of 40-gal 
high wattage heaters and had _in- 
stalled them in the homes of company 
employees, 80 per cent of whom had 
automatic clothes washers. Peak de- 
mand on the test units occurred about 
9:45 AM. Most utility systems’ peak 
demand occurs later in the day and 
the new heater would be no greater 
burden than the present types and 
would fill in the morning valley on 
the lightly loaded distribution systems 
of most utilities. Standardization on 
the higher-wattage heater, he con- 
cluded, would permit the utilities to 
abandon off-peak charging and _ to 
render a better service to customers, 


. and would greatly reduce prices and 


rapidly expand electric water heater 
sales. f 0 


Specially Processed 
Tungsten Readily 
Machined 


A process for machining high density 
tungsten to tolerances comparable to 
those possible with steel or brass ‘by 
using ordinary cutting tools and shop 
equipment was described by Dr. Ro- 
berto Levi of Philips Laboratories, 
Inc., Irvington-on-Hudson, N. Y., at 
the 1954 National Convention of the 
Institute of Radio Engineers. 

At present the new process, called 
Porphil, is used in making Philips 
dispenser cathodes for longer life 
electron tubes. It permits machining 
of these tungsten cathodes to meet 


MANUFACTURING 


ity 

to 
‘by 
Op 
20- 
ies, 

at 
the 


led 
ips 
life 
ing 
eet 


NG 





| 
| 





{ ites os. 


bes a “at 
a Silica L 





ACCURATE TEMPERATURE control with Calrod heaters for this extruding machine manu- 
factured by the Standard Machinery Company resulted in a more versatile operation. 


G-E Calrod” heaters cast in aluminum 
help solve complex design problem 


Standard Machinery’s new Therma-Fin jacket uses 
electric heat and cold water to improve extruding process 


Development of the Therma-Fin jacket 
combining G-E Calrod heaters and stain- 
less steel cooling-water tubing has solved 
a tough extruding-machine design prob- 
lem for the Standard Machinery Com- 
pany, Mystic, Connecticut. Prior to use 
of cast-in Calrod heaters, heat was often 
distributed unevenly in the extruding 
cylinder. The resulting hot-spots caused 
production losses. 


The Therma-Fin unit, designed by 
Standard engineers assisted by a G-E 
heating specialist, provides precise con- 
trol of material temperature during the 
extrusion process. Further, one extruding 
machine can handle a wide range of ex- 


*Reg. Trade-mark of General Electric Co. 
TPatent pending by Standard Machinery Co, 


truding materials because of the Calrod 
heater’s wide temperature range. Before, 
separate machines were needed for each 
material extruded. Production is high 
due to fast warmup of Calrod heaters. 


Standard’s experience is just one more 
example of the many ways the complete 
line of adaptable G-E Calrod heaters help 
solve your product-design problems. 


The Heating Specialist in your nearby 
G-E Apparatus Sales Office can help 
with your heating problem. Contact him 
today. And for the latest information on 
General Electric Calrod heaters mail the 
coupon at the right today. 


Go CaN fue your confudtence ne — 
GENERAL @@ ELECTRIC 
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EXCELLENT BENDING characteristics of Calrod 
heaters are demonstrated here. Heaters are 
formed to Therma-Fin mold. Pre-formed 
heaters are shown in background. 





HEATERS ARE CAST in aluminum to assure 
uniform temperature during extruding proc- 
ess. Stainless-steel tubes for water cooling 
are placed alongside heaters. 


NEW 1954 CATALOG! 


Section D720-123 
General Electric Company 
Schenectady 5, N. Y. 


Please send me G.E.’s new 1954 


Catalog of Calrod Heaters and Heating 
Devices, GEC-1005. 


Company 





Address. 





City 
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APPLIANCES 
BY Admiral 


“PACKAGED 
WIRING” 


Bm LLG 


The Admiral slogan: “Your Home 
Deserves the Best—that’s Always 
Admiral!” is one reason why Riverside 
wiring harnesses are components of 
Admiral home appliances. 

In addition to uniform high quality, 
this neat “packaged wiring” is engi- 
neered for fast, accurate, easy installa- 
tion. Simpler production planning, 
lower costs, better inventory control, 
and avoiding upkeep of specialized 
product wiring facilities and personnel 
are other advantages. 

We design and manufacture har- 
nesses in any wiring arrangement, con- 
trol accessories akaeedael or special 
parts attached as required. Prompt 
delivery to your schedule. Send details 
of your problem for engineering assist- 
ance, production recommendations, 
and a firm quotation. No obligation. 











WETSUME 
WVanufacturing 


AND ELECTRICAL SUPPLY COMPANY 
10227 Michigan Ave. + Dearborn, Mich. + Phone Tiffany 6-6800 


AND ASSEMBLIES 


J 










specifications that require accurate 
control of dimensions, porosity and 
gas permeability. 

Dr. Levi explained that the success 
of the new process depends upon 
three steps in handling the sintered 
tungsten ingots: Impregnation with a 
suitable wetting metal with which it 
does not alloy, such as gold or cop- 
per; machining, and removing the 
impregnating metal. Desired physical 
characteristics of the sintered tung- 
sten ingot are obtained by high tem- 
perature sintering with a proper con- 
sideration for tungsten powder char- 
acteristics, pressure used, and the dew 
point of the sintering atmosphere. 

The impregnating metal acts as a 
filler and lubricant and prevents tear- 
ing out of particles, burnishing, and 


excessive tool wear which ordinarily 
occur. Sintering the tungsten ingot 
normally produces distortion and 


warping, but this is not a problem 
as it precedes machining. The temper- 
atures used to add and remove the 
wetting metal are well below sinter- 
ing temperature, and therefore have 
no effect on the final shape, toler- 
ances, or physical characteristics. 

Tungsten parts having density 
values up to almost 90 per cent of 
theoretical value may be machined. 
Machining is relatively easy in the 
case of densities up to 83 per cent. 
Higher density parts become more 
difficult to machine because the per- 
centage of non-connecting pores, 
which cannot be infiltrated, goes up 
rapidly with increasing density. 

In the past, tungsten sintered to 
the required high density of 80 to 85 
per cent of the theoretical value could 
not be machined. Hardness and brit- 
tleness at ordinary temperatures and 
other difficulties made the machining 
operation impossible. Parts were 
either preformed by pressing tung- 
sten powder in a die, or were ma- 
chined from very porous partly sin- 
tered ingots having a density of about 
55 per cent of the theoretical value. 
As the tungsten particles are very 
weakly bonded together in such part- 
ly sintered ingots, the particles were 
torn out in clusters in the machining 
instead of being cut. Smooth surfaces 
could not be obtained by this method. 
Also shrinking and warping during 
the required final sintering operation 
made it difficult to maintain required 
shapes and dimensions. The new Por- 
phil process permits the drilling, 
grinding, turning, milling, threading 
and tapping of tungsten parts with 


ordinary machine tools. noog 


Postcards are provided on page 249 as a 
convenience for readers in obtaining 
single copies of Feature Article Reprints. 
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Inguiry | | 
Facility || 


Page 249 


e A regular feature in each issue, : 
the Reader Inquiry Facility in- 
cludes postpaid return cards for 
qualified readers to use to obtain 
without charge, 


_— 


' 
| 
. Additional information from 
the manufacturer on any prod- 
uct or service described in New 
Components and Materials de- 
partment in the current issue. 
i 


2. Copies of manufacturers’ pub- 
lications reviewed in Literature 
for the Asking in each issue. 


3. Single copies of reprints of 
selected feature articles cur- 
rently listed in Feature Article 
Reprints section. 


4. Further data from the source 
on any product described in 
Advertisements in the issue. 


Each item reviewed in the issue 
is assigned a key number which 
is repeated with the title of the 
item in the Reader Inquiry Fa- 
cility on the page where the re- 
turn card appears. Circle the | 
numbers on the return card for 
the items selected, fill in the card 
completely and mail. Reader in- 
formation must be legible and 
complete, and cards must be mail- 
ed within 60 days after publica- 
tion to secure this free service. 

All reprint titles currently avail- 
able without charge through the 
Reader Inquiry Facility are listed 
in each issue in “Feature Article 
Reprints” department; turn to 
Contents Page for location. 

Because of the expense involved 
in producing these feature article 
reprints, longer articles and book- 
lets including several reprints on 
related subjects are offered at a 
modest charge intended to cover 
printing, handling and postage. All 
orders must be accompanied by 
remittance, including 3 per cent 
sales tax for New York City de- 
liveries. 
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NO LOAD RESISTANCE-TEMPERATURE CURVES for GLOBAR® THERMISTORS 
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Maximum and minimum rates of change of 
resistance expressed as per cent of change 
with respect to resistance value @ 25° C. 
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New GLOBAR’ vr « THERMISTORS can help you solve many circuit problems 


Where can you use resistors as sensitive to 
temperature changes as the new GLOBAR® 
Type H Thermistors shown on this chart? 
They offer many challenging possibilities 
in circuit design...can help you cut costs 
in the manufacture of radios, television 
sets, motors, relays, meters, tempera- 
ture indicating devices, and many other 
products. 

The introduction of the Type H Ther- 
mistor, which has a maximum negative 
temperature coefficient of 4.5%/°C at 
25°C, supplementing the range previously 
obtainable with GLOBAR Types B and F, 
now provides you a working range from 
33%/°C to 4.5%/°C at 25°C. 

GLOBAR® Type H Thermistors are engi- 
neered to meet your exact requirements 
—in electrical properties as well as shapes 
and sizes. 
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e To provide time delays in relay, solenoid circuits. 
TYPICAL e@ For temperature compensation in field coils. 
and television receivers. 
e For temperature compensation in meters. 
e To control remote temperature indicating devices. 
e For temperature compensation in transistor Circuitry. 


for Type H 


Thermistors 


APPLICATIONS e As protective resistors in series filament circuits of radio 








| Engineering Bulletin GR-3 gives detailed information 
WRITE FOR | on all three types of GLOBAR Thermistors—H, F and B. 
ENGINEERING BULLETIN | Write for your copy—and, if you have a circuit 


ON THERMISTORS problem, send us the basic details. Our engineers will assist 
CONVENTIONAL + VOLTAGE SENSITIVE 


you, without obligation. Address: The Carborundum 
TEMPERATURE SENSITIVE 


Company, Dept. EM 87-47, Niagara Falls, N. Y. 


REGISTERED TRADE MARK 


Ceramic Resistors 


87-47 


349 
































Rogan’s stock molds greatly reduce 
your knob costs. Markings can be 
branded to fit your requirements. 
Special shaft holes at nominal 
charge. Send for details on how 
to cut knob costs. 


ROGAN BROTHERS 
8027 N. Monticello - Skokie, Ill. 
























COMPRESSION MOLDERS AND BRANDERS OF PLASTICS 





ARENS PUSH-PULL REMOTE 
~ CONTROLS OFFER YOU 
THESE ADVANTAGES 


* Positive Accuracy 









ep, . 


* High Resistance to Wear 
* Ease of Installation 


* Substantial Cost Savings 


Arens can supply you with 
accurate, efficient push- pull 
controls, custom built to 
your requirements. These 
range from simple spring 
wire casings to rigid controls, 
and include controls with 
various protective coverings, 
locking devices, fittings, etc., 
both standard and special 
designs. Our new 40-page cat- 
alog gives you complete in- 
formation. 

Whitt today 


2005 Greenleaf Street, Evanston, Illinois 


ARENS controts. inc. 
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Metal Statisties 





Nonferrous metais have been on the move. Lead 
and zine prices advanced; copper was boosted by 
custom smelters; tin soared to new highs. All metal 
markets were strengthened and the outlook at 
mid-April was bright for the rest of 1954. Behind 
these price developments were the Government's 
new stockpiling program, the dock strike in N. Y., 
the Indo-China situation, tighter supply conditions 
and a resurgence of demand both in the U. S. 
and abroad. 


LEAD—Lead began an upward price movement to- 
ward the close of March, moving in %c advances until 
by April 12 it had gained a full cent over the quota- 
tion which existed at the mid-March period. On March 
26 it went to 13.25c; on March 29 it jumped to 13.50c; 
on April 1 it rose to 13.75c and on April 12 it hit 
14.00c. Good demand was reported in trade circles 
and the outlook for suppliers seemed more optimistic 
than had been the case in almost six months. 

Behind this startling price rise was the announce- 
ment by the Government that a new long-term stock- 
piling program was going to be put into effect by the 
Office of Defense Mobilization. Reports that the Gov- 
ernment would again be in the market for lead 
stimulated the London Metal Exchange and prices 
in the U.K. were boosted appreciably. This price 
strength was echoed in U.S. markets. 

There were indications that consumers’ reserves of 
lead stocks were being sliced. While March figures 
were not available at press time, February | figures 
showed a decrease of some 13,589 tons from the pre- 
ceding month and the smallest since December 1951. 
Some observers believed that consumers’ stocks were 
around three weeks’ supply at present consumptiop 
rates. Refined lead output in February came to 42,046 
tons compared with 48,518 tons in January. This was 
the smallest output since last September and reflected 
the cuts in production made by most of the producers. 
Shipments were only slightly below January, totaling 
36,551 tons against 37,108 tons. 


ZINC—The situation in zinc paralleled that of lead 
to which it is closely aligned. Stockpiling reports also 
stimulated price advances in zinc which moved up *%c 
a lb to 10.25c f.o.b. East St. Louis for the Prime 
Western grade. Many observers anticipated further 
price strengthening as a result of higher prices for 
lead. 

The move by zinc producers in cutting their mine 
production in an effort to halt the rise in stocks at a 
time when consumer buying declined seemed to be 
paying off. The zinc statistics for March showed a 
drop in production. Output was 71,186 tons compared 
with 68,020 tons in February, a 28-day month. Fig- 
ures Of daily production show a drop of about 150 
tons a day. Shipments in March came to 70,009 tons 
as against 66,738 tons in February. Of this total, 66,858 
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tons went to domestic consumers, an increase of 
close to 10,000 tons. Stocks in producers’ hands, how- 
ever, were higher but so were unfilled orders. Current 
shipments, however, are proceeding at a steady pace 
and it is believed that stocks will be whittled down. 


COPPER—Copper continues to confound the pre- 
dictors who expected the price of that metal to be 
much lower than it is now. Quite the contrary, the 
price during the past month’ strengthened consider- 
ably. While producers continued to hold to their 
quotation of 30c. a lb delivered Connecticut Valley, 
the custom smelters who had been quoting “4c under 
that figure, or 29.75c, moved their levels up to the 
same basis as that of the producers. At first they only 
boosted their price for spot shipment; later in the 
month they uniformly quoted the 30c price for both 
April and May copper. 

When one considers -how trade observers only a 
few months ago predicted 24c. copper, one can see 
what a turnabout there has been in the copper market! 

A number of developments continue to keep the 
copper market boiling. Late in March the Chile-U.S. 
agreement on copper was officially announced under 
which terms were arranged for the U.S. to buy the 
100,000 tons of Chilean copper for the U.S. stockpile. 
However, the Chilean copper situation is still not 
settled and until Chile decides on ways and means 
of disposing of its growing reserve of copper, there 
will be uncertainty in copper circles. 

The dock strike in New York helped strengthen the 
market. For some time no copper was coming into 
the New York port and this caused a wide shortage 
of spot copper. It also caused a tie-up in shipments 
of copper scrap which were slated for Japan and 
Europe. A strike at Roan Antelope properties in 
Rhodesia also tightened the supply situation. An- 
nounced plans by Kennecott Copper Corp. and Ana- 
conda to cut production in Chile also caused a feeling 
that copper won't be so plentiful. 

On the other hand, metal authorities during the 
past month pointed out that copper supplies would 
be ample for years to come and that the long-range 
outlook for copper was good. The Government’s stock- 
piling program was expected to have a salutory effect 
on the copper market. 

Copper output was up in March. Production of 
crude copper in the U.S. in March came to 81,630 
tons as compared,..with °74,428 tons in February. 
Domestic output of refined copper was 117,546 tons 
as against 103,496 tons in February. Deliveries of 
refined copper totaled 95,795 tons, an increase of 
about 6780 tons. Stocks at the end of the month 
totaled 125,759 tons, a gain of about 7000 tons. 

The strengthening copper market plus the heavier 
demand for scrap in Japan and Europe caused cop- 
per scrap prices to move into higher ground. With 
exporters paying higher prices, domestic custom 
smelters and ingot makers had to boost their prices 
in order to secure needed scrap. As the gap narrowed, 
less material was being shipped abroad and more 
was beginning to flow to domestic buyers. But as scrap 
went higher, ingot makers boosted their prices for 
brass and bronze ingots. One boost of 1.50c to 2.50c 
a lb went into effect on April 1 when a leading pro- 


MAY 1954 









Cycles as 
thermostat 


Cuts out 
at over 
temperature 






Stays out until 
manually reset 


Combines temperature control with single pole 
switch. Current is automatically cut off and 
switch is locked in open position if tempera- 
ture at any dial setting, through any cause, 
exceeds temperature range of control by ap- 
proximately 7% in liquids or 12% in air. 
Switch remains open until closed by manual 
reset button. Design permits mounting control 
in any one of four positions. Standard size 
bulbs and capillary tube lengths give great 
flexibility to meet required heat ranges and 
installation needs. In direct or reverse acting 
models. Write for Catalog. 





® CONTROLS COMPANY 


ROBERTSHAW THERMOSTAT DIVISION, YOUNGWOOD, PENNSYLVANIA 
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Write for Bulletin 21 


LANDIS 


Electric Motors 
from 1 / 30 to 5 hp. 
Standard, or de- 
signed to your 
specification. 





Do it witha 


tas 





—+the Counter — 


YOU'VE BEEN WAITING FOR! 


BY SODECO GENEVE 


@ Instantaneous reset . . . to 
zero at a touch of the button 


@® Compact . . . flush-mount- 
ing plate measures only 1-5/16” 
x 1-3/16” — counter is only 
4-3/8” deep 


@ Fast... standard models 
count up to 10 impulses/sec. 
(Special models available with 
speeds up to 25 impulses/sec.) 


@ Half-numbers .. . show 
when coil is energized 


@ 3, 4, or 5 digit models 


RUGGED 
ECONOMICAL 


ACCURATE 
Soveco” 


« GYR, Inc. 


45 West 45th Street - New York 36, N.Y. 








When we say that Doerr Mo- 
tors are made for tough in- 
dustrial applications, we can 
back it up 100%. The entire 
range of machine tools—from 
power tools up to boring mills 
—utilize Doerr Motors for a 
large variety of main and 
auxiliary drives. Many thou- 
sands of small electric hoists, 
hydraulic pumps, unit heaters, 
exhaust fans, rotary oil burn- 
ers and adjustable speed 
drives receive dependable 
power from Doerr. 


If you want more information, write 
for Bulletin 100, which shows many 
of the special and standard designs 
available. 


CEDARBURG, WISCONSIN 





ducer followed earlier advances by smaller producers, 
A second boost of kc to 24c went into effect April 12. 


ALUMINUM-—There were no hectic price changes in 
primary aluminum during the past month although 
the market tone was extremely firm. But to show 
which way the wind was blowing, prices of secondary 
aluminum ingots and of scrap aluminum were boosted 
as the demand for scrap reflected greater pressure 
from both domestic smelters and from exporters. 

The outlook for primary aluminum was good. Alcoa 
spokesmen indicated that they expected an uptrend 
in the second quarter of 1954. A spokesman for 
Reynolds Metals declared that there has been a noted 
increase in aluminum sales but cautioned against pre- 
dicting what might happen later in the year. However, 
it was pointed out that for the first time in a long 
while the industry can now fill both defense and 
civilian requirements. And a Kaiser Aluminum official 
stated that there has been a marked improvement in 
the rate of new orders received since mid-January 
and that this is being reflected in increased orders 
for March and April. 

The price of 30-lb ingot 99% plus was held at 
21.50c a |b. 

Primary aluminum output declined in February, 
totaling 220,965,786 lb as against the all-time high of 
232,493,207 Ib in January. 


TIN—Of all the metals, tin made the sharpest advance 
in the past month. Day after day the price kept climb- 
ing until it reached $1.02 a lb on April 12. Some ob- 
servers expected it to go even higher, others thought 
it would level off. In mid-March it was around 90c. 

The worsening situation in Indo-China, reflected 
in higher prices for tin in London, was regarded as 
responsible for the sharp ascent. Early in April, Presi- 
dent Eisenhower commented at his press conference 
that the consequences of losing Indo-China would in- 
clude the loss of Southeast Asian tin to the free world. 
Obviously, pronouncements of this sort had a marked 
effect on the tin market. The New York market had 
already strengthened earlier under the impact of Lon- 
don advances. The dock strike, too, had its effect, 
causing a virtual shortage of spot and prompt metal 
for several weeks. All this caused a boom in tin prices. 

Domestic tin consumption in January was virtually 
unchanged from the previous month. Total tin use 
in January and December was about 6200 long tons. 


MISCELLANEOUS METALS-—Price developments 
in a number of miscellaneous metals occurred during 
the past month. Die-casting magnesium alloy ingot 
was reduced Ic. a lb in April by Dow Chemical. The 
price was cut to 27.00c. f.o.b. Madison, Ill. and the 
company said that this was done for competitive 
purposes. Earlier, Dow had reduced its sheet and 
plate prices. On the other hand, Electro Metallurgical 
Co. advanced its price of ferrocolumbium by $3.10 
per lb as a result of the Government's decision to pass 
on to consumers the 100 per cent bonus on columbium 
and tantalum ores. The new base price for ferrocolum- 
bium is $9.50 per lb of contained columbium. Early 
in April, DuPont announced a cut in the price of 
titanium, the first since this metal was introduced 
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DEPENDABLE INSULATION IS VITAL TO GOOD ELECTRICAL PERFORMANCE 
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vibration and high heat... 


G-E 9615 
7 INSULATING VARNISH 
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1 | Now General Electric offers you an insulating var- 
i f 
n | nish combining exceptional high heat resistance and 
y bonding strength—G-E 9615! Unlike conventional 
rs aes. e e . . ° 
Vae* varnishes, this new insulating development main- 
at anne tains its excellent thermal stability without sacrifice 
of bonding strength. 
, 
G-E 9615 is ideal for coils subject to vibration and 
x F J 
. high operating temperatures. For example, the 
| Syntron Company, Homer City, Pa., uses G-E 9615 
e . 
> = to impregnate and coat the coil of its No. 25 electric 
. hammer. Heat-resistant, tough-bonding G-E 9615 
at ‘ -_ . 
extends the service life of the hammer by enabling 
id the coil to withstand temperatures of 300 F and 
as terrific vibration. 
si- 

You can depend on G-E 9615 for excellent flexibility, 
pe I ) 
n- high dielectric strength and good chemical, oil and 
d. ‘ ; E 

moisture resistance. It bakes quickly at low temper- 
“ ; 

atures and is readily applied by spray, dip, roller 
Ne ‘ y Spra) ’ 

n- coat, brush or impregnation to motors, coils, gener- 
al \ ators and transformers. 

: 

s ee SEND COUPON FOR TECHNICAL DATA! 

lly | impregnated with G-E 

“2 | 9615. Courtesy, Syn- a ee 

” tron Company, Homer | 

nS. City, Pa. 

| General Electric Company 
its — | Section 413-2A, Chemical Division 
ng 4 | Pittsfield, Massachusetts 
sot P | 
he 
he | Please send me complete technical data on G-E 9615 
ive ; | insulating varnish. I want this for: ( ) Reference pur- 
nd Yy c : | poses only (_ ) An immediate application on 
cal Ou can free your confulence tn — 

10 ° | 
aSS G i | Name 
im ‘ 
NERAL ELECTRIC | ... 
m- l 
rlv Street 7 
of City Zone State 
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Pulse Forming 
Networks 


W. are specialists with many 
years of experience in engineering 
and producing PULSE FORMING 
NETWORKS. 


We invite your inquiries. Ask for 
our complete catalogue on 
your company letterhead 


e PLASTIC FILM CAPACITORS 
e HIGH VOLTAGE POWER PACKS 
e PULSE FORMING NETWORKS 


PY aay 
ma Chi ite eT rac nc. 
2511 W. MOFFAT STREET, CHICAGO 47, ILLINOIS 


commercially in 1948. The reductions ranged from 
6 to 11 per cent on ductile metal sponge. 

Market and statistics-wise, these were the other 
developments in miscellaneous metals. The Govern- 
ment took action to halt diversion of nickel from 
defense purposes by tightening priority ratings. 
Molybdenum output and consumption was off slightly 
in January; shipments of molybdenum in concen- 
trates were 7,738,000 lb to domestic destinations and 
608,000 Ib for export in January as against 1,954,000 
and 1,014,000 Ib respectively in December. An in- 
dustry committee urged the Government to defer 
stockpiling selenium because of the extreme shortage 
of high purity selenium in relation to the demand for 
manufacturing rectifier plates. Magnesium products 
shipments in February amounted to 1,058,000 Ib, or 
9 per cent over shipments in January. 


STEEL-—Statements by leading steel men during the 
past month have been encouraging. Most of these 
producers seem to feel that the second quarter will 
witness an upturn in steel production. The gen- 
eral impression is that the downturn has run its course 
and that demand will show a pickup very shortly. 
One optimistic sign has been the improvement in 
wire mill business during the latter part of March 
and for April. On the other hand, there is a feeling 
that auto business will not develop the way it was 
expected to and that this may put a crimp into the 
steel business during the next few months. 

In response to lower demand and heavier competi- 
tion, some price reductions have been put through. 
Hot-rolled and cold-rolled steel sheets and strip have 
felt the impact of price cuts. Generally, the reductions 
have been small thus far. Some cuts in imported steel 
have also been effected. 

Steel production in March was 7,290,000 net tons 
of ingots and steel for castings, an increase of more 
than 206,000 tons from the February total. The output 
during the first quarter of 1954 totaled 22,324,723 tons 
or 8.1 per cent higher than the average rate of output 
during the three years 1947-1948. 

There’s been a slight improvement in the scrap iron 
market but not enough to really mean anything. Prices 
are up about $1 to $2 in some Midwest centers but 
otherwise the mills are not buying and scrap is piling 
up. Export business is not too extensive. ood 


Weight and Size Reduction 
in Product Design 


Wat are the engineers doing in these areas 
of design? What are the trends in design tech- 
niques, materials, components, fabrication and 
production methods? 

Watch for a special 20-page staff-researched 
report in June ELecrricAL MANUFACTURING 
that will deal with this subject on an objective 
and detailed basis. 
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